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FOREWORD 


The  Partitioned  Centaur  Test  Tank  Program  vat  con¬ 
ducted  by  the  Couvair  Division  of  General  Dynamic*, 

San  Diego,  California,  under  the  sponsorship  of  the 
United  States  Air  Force  Rocket  Propulsion  Laboratory, 
Edvards  Air  Force  Base,  California.  The  work  was  per¬ 
formed  as  Project  So.  3056  and  Task  So,  305806  under 
Air  Force  Contract  So.  F04611 -67 -CT-tfiw  dated  15  August 
1966,  and  covers  work  conducted  from  15  August  1966 
through  lj»  March  1967. 

The  contractor's  secondary  report  muster  for  this 
report  is  GDC-BSZ67-027.  / 

This  technical  report  has  been  reviewed  and  is 
approved  by: 


SWARD  DAHL,  l/Lt,  USAF 
Project  Engineer,  PPRPP 


ABSTRACT 


V 

^Presented  are  results  of  a  program  to  modify  an 
available  Centaur  tankage  system  for  testing  in  the 
AFRPX,  Space  Environmental  Simulation  Chamber  to 
(totems  its  thermodynamic  suitability  for  space 
storabllity.  Results  of  a  detailed  thermal  analysis 
predict  equilibrium  propellant  tank  net  heat  rates 
of  42.09  FPU/hr  for  the  LE2  tank  and  14.56  BTU/hr 
for  the  LNg  tank  vith  corresponding  respective 
boil-off  rates  of  0.218  lb/hr  and  O.169  lb/hr. 
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SUMKAPy 


The  Partitioned  Coutaur  Test  Tank  program  was  conducted  by  Convair  Division 
of  General  Dynamics  under  Air  Force  Contract  F0^6ll-S7-C*0004, 

The  primary  objective  of  this  program  was  to  modify  an  available  Centaur 
tankage  system  (Identified  as  end  item  55-75^2)  for  use  in  an  AFRPL  test 
program  to  determine  its  thermodynamic  suitability  for  space  storabillty. 

Modifications  to  the  Centaur  tankage  system  consisted  basically  of  the 
following: 

-Cut  the  vehicle  aft  of  station  219 *0  and  remove  approximately  8l  Inches 
of  constant  section  skin. 

•Fabricate  and  install  a  new  partitioning  bulkhead  for  the  hydrogen  tank. 

-Baweld  forward  bulkhead  ou  to  new  constant  section  and  Install  fill  and 
vent  lines,  covers,  etc. 

-Fabricate  and  install  two  Fiberglas  adapters  which  are  10  feet  in  diameter 
and  approximately  66  inches  long. 

-Fabricate  and  install  two  10  foot  diameter  Fiberglas  cover  plates. 

-Fabricate  and  install  one  hot  wire  sensor,  six  platinum  resistance  type 
thermometers  and  approximately  52  copper  cons tan tan  thermocouples. 

-8uper-ia»u\*te  the  entire  vehicle  Kith  approximately  *’?  Jayers  of  super - 
temp  (Mmplar)  insulation. 

During  the  course  of  the  program,  four  analytical  reports  were  generated; 
an  informal  stress  analysis  report,  a  reeonasnded  test  plan,  •  functional 
limitations  report  and  a  space -environmental  thermal  analysis. 
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1.  TEST  ARTICIiS  S8SCRIPTI0S 


This  section  contains  s  description  of  the  Centaur  Test  Article  codified 
for  the  Partitioned  Centaur  Test  Tank  (PCTT).  H»  section  discusses  the 
previous  test  progress  conducted  on  the  article  and  the  results  of  Corvalr ' s 
tank  corrosion  study  program.  Also  included  in  Section  1,  is  a  general 
description  of  the  modifications  performed  during  this  program. 

1.1  PKE-:r®IFICATTOH 

1.1.1  Description  -  The  Centaur  Teat  Article  (Figure  1-1,  end  item  35- 
75^2)  used  for  construction  of  the  PCTT  was  a  10  foot  diameter,  approxi¬ 
mately  2k  foot  long  vehicle,  fabricated  from  thin  gauge,  300  series, 
stainless  steel  material,  and  was  pressure  stabilised. 

The  configuration  consists  of  two  propellant  tanks  (liquid  hydrogen 
and  liquid  oxygen)  separated  by  a  common  bulkhead. 

Hie  U>2  tank  located  in  the  aft  region  of  the  test  article  consists  of 
an  aft  bulkhead  fabricated  from  gore  section  of  .018  3 A  l»Td  301  eerie* 

stainless  steel  and  a  forward  (common  to  the  LS?  tank)  bulkhead  consisting 
of  a  structural  member  and  a  non-structurnl  member  (spring  bulkhead)  fabri¬ 
cated  from  .026  (cbem-milied  to  ,013)  l/2  hard  301  t»tainle*«i  steel  and  .016 
( chea-mllled  to  .013)  annealed  at alnieea  steel.,  respectively. 

The  LHp  tank  (Figure  1-1),  located  forward  vS  the  L02  task  cons late  of 
six  cylindrical  auctions  10  feet  in  diamel**  and  sppre^iaate’y  33 
ltag  Joined  at  approximately  ths  taageccy  eutnt  of  the  1D2  tank  forsmrd 
bulkhead. 
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The  cylindrical  skint  are  constructed  fro*  .016  extra  bard  301  aerie*  stain¬ 
less  *te%l.  Collating  tie  LHg  tank  Is  a  forward  bullhead  consisting  of  tvo 
ellipsoidal  '*fcia  segments  fabricated  from  .016  1/2  bard  301  stainless  steel 
saterial  and  a  conical  section  of  skis  fabricated  froa  .016  extra  bard  301 
stainless  steel  aaterisl. 

Froainent  features  of  the  above  described  configuration  are  a  LC>2  task 
voluae  of  404.76  cubic  feet  and  a  IZ2  volume  of  1247.90  cubic  feet.  The 
102  task  bulkheads  are  as  ellipsoidal  shape  having  a  major  axis  of  120.00 
inches  and  a  minor  axis  of  97*00  inches.  The  122  tank  forward  bulkhead 
geometry  consists  at  an  ellipsoidal  jegment  baring  a  major  axis  of  120.00 
inches  and  a  minor  axis  of  09.90  inches,  a  4s*  cone  segment,  and  an  ellip¬ 
soidal  segment  with,  a  major  axis  of  70.37  inches  and  a  minor  axis  of  51.0b 
inches. 

Joining  techniques  on  the  test  article  were  primarily  resistance  spot- 
velds  and  seaawelds  as  well  as  automatic  machine  bell-arc  buttwelds.  Joints 
involving  the  use  of  materials  above  the  annealed  hardness  level  using  butt- 
welding  techniques  ara  supplemented  by  the  use  of  doublers. 

The  55-7542  test  article  was  highly  representative  of  the  Centaur  flight 
configuration  for  the  RID  series.  Certain  modifications  peculiar  to  the 
Intended  test  requirements  were  incorporated.  These  changes  were  local  in 
nature  involving  such  things  as  attachments  for  incorporating  ground  testing 
requirements,  instrumentation  and  test  peculiars. 


1.1.2  Tank  History  -  The  Centaur  Test  Article  (end  itea  55-75^2)  has  been 
utilised  to  support  seven  mjor  R  III  tests  on  tbs  Centaur  progron.  During 
the  conducting  of  these  tests,  the  test  article  was  subjected  to  69  pressure 
cycles.  Peek  pressures  in  the  Ufa  tank  ranged  fro*  12.5  psig  to  23  psig. 

LO2  tank  peak  pressure  -anged  fro*  30  psig  to  36.3  psig.  Total  time  pres¬ 
surised  above  standby  presnure  was  95*65  hours  in  the  LO2  tank  and  70.97 
hours  in  the  IM2  tank.  A  brief  description  of  the  areas  of  Interest  of  these 
seven  major  tests  is  given  below. 

1.1. 2.1  Insulation  Panel  Pit  and  Cryogenic  Test  (July,  1963)  -  The  objec¬ 
tives  of  this  series  of  tests  were  to: 

1.  Perform  fit  and  leak  check  of  the  Centaur  AC-2  configuration  insula¬ 
tion  panels. 

ii'r  Plight  proof  test  Centaur  AC-2  Insulation  panels  under  cryogenic 
conditions . 

3*  Demonstrate  vehicle  structural  integrity. 

The  structural  integrity  of  the  test  vehicle  was  demonstrated  when  tank 
pressures  were  raised  to  36<3  psig  LO2  and  23*0  psig  fuel,  and  helium  was 
injected  into  the  bulkhead  cavity  at  lb.0  psla.  This  phase  of  testing  (the 
proof  pressure  test)  was  held  for  three  minutes  before  returning  the  pro¬ 
pellant  tanks  to  the  automatic  bo iloff -valve  conditions  with  LO2  tank  reseat 
and  venting  pressures  of  lb-17  psig,  and  fuel  tank  reseat  and  venting  pres¬ 
sures  of  b. 5-7*5  psig. 
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A  second  scries  cf  fllfjit  proof  testing  v*s  conducted  on  the  test  article 
in  August,  19^3.  Three  fuel  tank  boilcff  valve  lockups  were  performed  with 
cycles  ranging  from  6.5  paig  to  12.5  psig.  Two  pressure  cycles  of  23  psig 
in  the  fuel  tank  and  31  paig  in  the  LO2  tank  were  also  conducted  during 
series  of  tests. 

1.1. 2. 2  Centaur  Fuel  Boiloff  Valve  Lockup  Test  (9-21- 63  to  lO-lk-63)  -  The 
objectives  of  this  series  of  tests  were  as  follows: 

1.  Determine  fuel  tank  ullage  pressure  rise  rate  versus  time. 

2.  Demonstrate  operations!  characteristics  of  the  nose  fairing  skirt 
heaters  air  inflatable  seal. 

3.  Measure  temperature  stratification  of  the  liquid  hydrogen  above 
station  215.0. 

k.  Measure  external  skin  temperature  on  a  dummy  Centaur  destruct  unit 
and  destruct  unit  arming  switch. 

5.  Measure  the  external  body  temperature  of  the  intermediate  bulkhead 
cavity  pressure  transducer. 

6.  Determine  deflection  of  two  simulated  attitud-s  control  engine 
brackets. 


7.  Evaluate  a  naw  cold  hydrogen  gas  purge  technique  for  the  fuel  tank. 


During  tanking  test  number  one  conducted  on  9-21-63,  a  series  of  twenty- 
one  bolloff  valve  lockups  were  accomplished.  Each  lockup  consisted  of 
closing  the  fuel  bolloff  valve  and  monitoring  the  fuel  tank  pressure  rise 
until  27  psla  was  reached.  The  fuel  bolloff  valve  was  put  in  the  vent  posi¬ 
tion  when  the  fuel  ullage  pressure  reached  27  psla.  The  LO2  tank  presoure 
was  maintained  at  18  +  1  psig  during  all  lockup  tests.  Propellants  used 
for  all  tests  were  liquid  nitrogen  in  the  aft  tank  and  liquid  hydrogen  in 
the  forward  tank. 

During  tanking  test  number  two  conducted  on  10-3 -63,  a  series  of  sixteen 
fuel  bolloff  valve  lockups  were  performed  as  described  in  tanking  test 
cumber  one,  except  three  lockups  were  performed  with  heat  applied  to  the 
forward  bulkhead  coverplate  insulation.  The  nose  fairing  skirt  heaters  and 
the  insulation  panel  forward  seal  were  operated  during  this  test. 

Seventeen  additional  fuel  bolloff  valve  lockup  tests  similar  to  the  test 
set  up  described  in  tanking  test  number  one  were  conducted  on  10-9-63 . 

On  10-12-63,  a  two  hour  and  twenty  minute  hold  period  was  maintained  on 
both  tanks.  An  Identical  hold  test  was  also  conducted  on  10-14-63* 

1.1. 2. 3  Design  Evaluation  Pill  und  Drain  Outlet  Test  (10-26-63)  -  The 
objectives  of  this  series  of  tests  were: 

1.  Prove  the  structural  integrity  of  the  Centaur  propellant  fill  and 
drain  outlets  by  loading  to  lOOf  of  the  design  loads. 
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2.  Determine  task  wall  deflection  radially,  and  propellant  fill  and 
drain  outlet  deflection  radially,  tangentially  and  vertically. 

On  10-26-63,  the  structural  integrity  of  tbs  fill  and  drain  outlets  was 
satisfactorily  demonstrated  with  liquid  nitrogen  In  the  fuel  and  LQp  tanks 
at  4.5  psig  and  15*5  P*lg«  respectively. 

1.1. 2. 4  Hydrogen  Peroxide  and  Helium  Bottle  Support  Structure  Test 
(11-7-63)  -  The  objective  of  this  test  was  to  demonstrate  the  structural 
Integrity  of  the  hydrogen  peroxide  and  helium  bottle  support  system,  when 
exposed  to  simulated  flight  limit  loads. 

The  structural  integrity  of  the  hydrogen  peroxide  and  helium  support 
system  was  successfully  demonstrated  on  11-7-63  while  the  vehicle  was  tanked 
with  liquid  nitrogen  in  both  the  fuel  and  oxidizer  tank.  The  fuel  tank 
pressure  was  maintained  at  12  psig  and  the  oxidizer  ^ank  at  30  psig. 

1.1. 2. 5  Centaur  3C  Structural  Test  (3-31-64  to  4-11-64)  -  The  objective  of 
this  series  of  tests  was  to  demonstrate  the  structural  integrity  of  the 
station  219.0  and  408.0  tank  rings  when  subjected  to  simulated  flight  loads 
that  occur  during  maximum  "G"  and  maximum  alpha  "Q"  conditions. 

During  the  maximum  alpha  "Q"  test  of  the  219.0  ring,  liquid  nitrogen 
was  tanked  into  the  fuel  and  oxidizer  tanks  at  19.4  psig  and  32.0  psig, 
respectively.  Axial  compression  loads  and  shear  loads  representing  flight 
loading  conditions  at  alpha  "Q"  were  applied  to  the  vehicle  with  subsequent 
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demonstration  of  the  integrity  of  tbs  station  219.0  ring.  A  second 
alpha  "Q"  test  was  conducted  on  the  test  article  the  saw  as  above  except 
tank  pressures  were  33  psig  in  the  oxidizer  tank  and  20.5  pslg  in  the  fuel 
tank. 


During  the  maximum  "G"  test  of  the  219.0  ring,  liquid  nitrogen  was  tanked 
into  the  fuel  and  oxidizer  tanks  at  20.5  pslg  and  33*0  psig,  respectively. 

An  axial  compression  loei  was  applied  to  the  test  article  and  structural 
integrity  of  the  station  219.0  ring  was  demonstrated  for  this  flight  loading 
condition.  No  shear  load  was  imposed  during  this  test.  A  maximum  "G"  test 
was  conducted  on  the  station  408.0  ring  similar  to  that  conducted  on  the 
219.0  ring  except  tank  pressures  were  34.9  psig  in  the  oxidizer  tank  and 
20.5  psig  in  the  fuel  tank. 

All  above  series  tests  demonstrated  the  structural  integrity  of  tbs  219.C 
and  408.0  tank  rings  to  withstand  flight  loading  conditions. 

1.1. 2. 6  Centaur-Surveyor  Nose  Fairing  Jettison  Test  (5-14-64  to  5-23-64)  - 
The  objective  of  this  test  was  to  determine  whether  possible  ice  or  frozen 
nitrogen,  between  the  forward  bulkhead  and  the  nose  fairing,  impairs  separa¬ 
tion  of  the  nose  fairing  from  the  tank;  and  to  determine  whether  nose  fairing 
Jettison  causes  damage  to  the  forward  tank  bulkhead  and  station  219  ring  area. 

During  this  test,  the  oxidizer  tank  was  tanked  with  liquid  nitrogen  at  30 
psig  and  the  fuel  tank  with  liquid  hydrogen  at  20  pslg.  The  nose  fairing  was 
unlatched  and  accelerated  away  from  the  test  article  with  thruster  bottles. 
Structural  integrity  of  the  test  article  was  maintained  during  this  series  of 
tests. 
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1.1*3  Trok  Corrosion  Study  -  During  the  research  and  development  phase  of 
the  Centaur  program,  an  anomaly  ms  detected  in'  the  resistance  welding  tech¬ 
niques  used  in  the  fabrication  process  of  the  Centaur  tanks.  This  irregu¬ 
larity  was  discovered  during  the  radiographic  Inspection  of  resistance  velds. 

Convalr  was  directed  under  NASA,  contract  NAS3-3232  to  study  this  condi¬ 
tion.  The  major  objectives  of  this  study  were:. 

1.  Determine  the  source  and  causes  of  spotveld  corrosion. 

2.  Develop  methods  to  inhibit  present  and  future  corrosion  to  Centaur 
tanks. 

3.  Development  of  acceptance  standards. 

4.  Documentation  and  evaluation  of  data  acquired  for  application  to 
future  corrosion  problems. 

To  meet  these  objectives,  it  was  necessary  to  accomplish  the  following 
tasks: 

1.  Re-examine  X-rays  and  develop  treed  charts. 

2.  Provide  supplementary  X-ray  data  and  integrate  new  data  into  trend 
charts . 

3.  Determine  causes,  effects,  and  means  of  preventing  corrosion  by 
laboratory  teste  and  analysis. 

4.  Effect  changes  in  Centaur  tank  fabrication  standards  to  inhibit 
substances  inducing  corrosion. 
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1,1. 3.1  Corrosion  Origin  and  Foraation  -  The  Irregularities  discovered  la 
the  resistance  spot veldt  on  the  Centaur  tank  vere  identified  and  classi¬ 
fied  as  corrosion  pits  and/or  corrosion  cracks.  This  corrosion  usually 
appears  as  either  pits  in  metal  caused  by  corrosion,  or  cracks  formed  by 
corrosion  combined  vith  stress  in  the  aetal.  The  corrosion  nay  result 
from;  (1)  an  acid  solution  in  contact  vith  the  metal  which  attacks  the 
metal  directly;  (2)  an  electro-chemical  process  in  which  the  metal  is 
removed  by  galvanic  action;  (3)  stress  corrosion  where  the  corrosion  is 
Initiated  by  stresses  within  the  metal  in  the  presence  of  an  electrolyte. 

Four  distinct  areas  where  corrosion  may  occur  in  a  spctweld  are: 

1.  Parent  metal  unaffected  by  the  welding. 

2.  The  cast  structure  or  actual  veld  nugget  formed  by  the  molten  metal. 

3.  The  heat  affected  zone. 

The  carbide  precipitate  zone  formed  by  the  precipitation  of  chromium 
carbides  upon  cooling. 

Most  of  the  corrosion  at  the  spotwelds  begins  at  the  carbide  precipitate 
zone.  This  may  be  the  result  of  intergranular  corrosion  resulting  from 
sensitization.  Occurring  principally  In  austenitic  stainless  steel  when  it 
Is  heated  in  the  range  of  900  to  lU00°F,  sensitization  results  from  pre¬ 
cipitated  chromium  carbides  at  the  grain  boundaries,  chromium  depletion  in 
zones  to  those  boundaries,  and  a  difference  in  solution  potential 

between  the  center  of  the  grains  and  their  outer  chromium  zonas. 
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The  condition  described  previously  owe  result  in  the  appearance  of  pits 
end/or  creeks.  These  creeks  have  been  found  to  be  both  Intergranular  end 
transgranular  end  ere  similar  in  appearance  to  creeks  produced  bp  stress 
corrosion.  They  appear  to  originate  as  pits  and  fora  cracks  due  to  stresses 
set  up  during  octal  cooling.  The  cracks  could  originate  as  micro-cracks, 
produced  during  voiding  operations,  which  were  attacked  and  opened  up  by  a 
corrosive  fluid  in  the  faying  surface.  This  fluid  my  be  one  of  the  cor¬ 
rosive  processing  fluids  which  became  trapped  between  the  faying  surfaces 
before  or  after  the  sheets  were  spotvelded.  Corrosion  may  also  have  been 
initiated  by  non-corrosive  solutions  combining  with  salt  or  other  dry  cor¬ 
rosive  elements,  which  settled  from  the  atmosphere  during  tank  build-up, 
forming  electrolytes  or  corrosive  solutions. 

During  the  courea  of  the  investigation,  it  "ias  discovered  that  certain 
metal  marking  fluids  were  also  a  possible  source  of  corrosion  initiation. 

1.1.3 <2  Extent  and  Growth  of  Corrosion  -  The  fabrication  process  used  on 
the  Centaur  tank  incorporates  approximately  75,000  spotwelds.  Approximately 
22,000  are  used  during  the  forward  bulkhead  build-up,  approximately  24,000 
are  incorporated  in  the  fabrication  of  the  cylindrical  section  of  the  tank, 
and  approximately  29,000  are  used  in  the  construction  of  the  aft  tank. 

The  aft  bulkhead  of  the  aft  tank  appears  to  show  the  greatest  amount  of 
corrosion.  This  Is  attributed  to  the  aft  bulkhead  possessing  more  doublers 
than  in  other  areas  and,  consequently,  more  spotwelds  and  more  areas  for 
collection  of  corrodents. 
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The  corrosion  on  Centaur  tanks  affected  a  small  percentage  art  the  total 
spotwelds.  The  maximum  amount  of  corrosion  on  any  Centaur  flight  tank  was 
1.25  percent  of  all  spotwelds  examined,  with  most  tanks  showing  corrosion  of 
less  than  one  percent. 

Charts  shoving  crack  growth  versus  time  were  prepared  and  monitored  for 
several  tanks  over  a  time  period  of  one  year.  The  data  for  these  chart u 
was  collected  by  identifying  each  crack  noted  on  the  X-ray  and  measuring  the 
length.  This  type  of  examination  generally  showed  that  the  cracks  seldom 
grew  in  length. 

Charts  showing  the  increase  in  total  number  of  pita  and/or  cracks  versus 
time  were  also  prepared  and  monitored  for  a  tine  period  of  one  year.  Results 
Indicated  that  after  a  U  month  time  period  essentially  no  new  cracks  or  pits 
were  discovered. 

1.1. 3. 3  Effects  of  Corrosion  on  Structural  Capability  -  To  determine  the 
effects  of  corrc  ,ion  on  the  load  carrying  capability  of  resistance  welded 
structures,  a  test  program  was  Initiated  as  follows: 

1.  Perform  stress  corrosion  testing  on  approximately  kO  ape cist' ns  for 
six  months  under  a  continuously  applied  load  equivalent  to  20,000 
psi  stress. 

2.  Corroded  and  non-corroded  control  specimens  tere  subjected  to  cyclic 

* 

fatigue  loading  equivalent  to  from  0  to  135*300  psi  stress.  Other 
specimens  were  exposed  to  sustained  loadings  equivalent  to  135*000 
psi  stress  for  16  hours  followed  by  sustained  loading  equivalent  to 
160*000  psi  stress  for  16  hours.  All  tests  wire  conducted  at  -320°F 
or  -423*7  as  applicable. 
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Corrosion  wm  induced  Into  4  inch  x  4  lash  welded  specimens  by  the 
application  of  electroetch  26q&  to*et her  with  an  applied  stress.  Cracks 
sad  pits  representative  of  those  found  la  Centaur  tanks  were  produced. 

fatigue  tests  of  simulated  tank  Joints  were  conducted  at  both  >320*?  and 
-423*? •  these  speclaeas  were  cycled  for  200  cycles  while  subjected  to  a 
stress  level  from  0  to  .135 >000  pal,  then  checked  for  leaks.  Simulated  L0o 
tank  Joints  were  than  cycled,  (under  temperature  exposures  of  -320*7),  froa 
0  to  160,000  pel  stress  levels  until  failure  occurred;  and  slaulated  1 Ha 
tank  Joints  were  cycled,  (under  teapereture  exposures  of  -423*7) ,  froa  0  to 
135,000  psl  stress  levels  until  they  failed.  Results  of  these  testa  are 
shown  In  Table  1-1. 

Welded  test  speelnens  were  tested  with  various  corrodents  and  subjected 
to  sustained  inaiMwga  at  the  20,000  pal  a  trass  level.  The  corrodents  need, 
'the  resultant  corrosion  determined  by  X-ray  examination,  and  the  duration  of 
the  tests  are  shown  In  Table  1-2.  lone  of  these  speelnens  failed  under  test. 

Sections  were  made  of  the  acre  severely  corroded  speelnens  which,  upon  exaal- 

V 

nation,  showed  the  apparent  cracks  to  ^e  elongated  pits  as  shown  in  Table  1-3. 

1.1. 3. 4  Sustained  Flight  Load  last  -  Several  slaulated  Centaur  Joint  speci- 
aens  were  corroded  and  tested  at  ■  inula  ted  flight  i'-ads.  This  pragma  con¬ 
sisted  of  epp lying  a  tension  load  equivalent  to  135, OCX)  psl  far  16  hours. 
Three  tines  during  tbs  test  the  load  was  reduced  to  aero,  s  inula  ting  the 
variation  of  load  is  flight.  After  the  135,000  pel  exposure,  the  stress 
level  was  increased  to  160,000  pel  and  sustained  for  16  hours.  The  load  waa 
relaxed  three  tines  as  before.  Conditions  and  results  of  this  test  am 
presented  in  Table  1-4. 
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TA3LE  1-1  FATIGUE  TE3T8  OH  SIMULATED  TANK  JOINTS 
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IABI£  1-2  STRESS  CORROSION  CRACKING 
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“oc,  Speci~t.-,f  prepared  iron  301  CRES  0.018  in.  3A  -  corrodent  added  initially  and  after  t 
"indicate*  specimen*  which  were  aectioned.  See  Table  ;-2  for  result*. 


tially  and  after  two  weeks. 


2.  Other  speciaens  prepared  from  301  ORES  0.010  in.  XH 
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speclaen  were  sectioned  «uad  examined 


Creek*  (By  X-ray  evaluation) 


1.1. 3. 5  Special  Test  -  From  November  2,  1962,  to  December  15 ,  1962,  special 
tests  were  conducted  on  the  forward  bulkhead  of  test  U ok  55-7534-1  in  order 
to  evaluate  the  structural  Integrity  of  Installed  plugwelda.  A  total  of  101 
pressure  cycles  at  full  flight  pressures  were  conducted.  These  tests  were 
conducted  at  the  Convair  Point  Lome  facility  where  the  tank  was  subjected  to 
salt  air  environment.  Although  40  percent  of  the  spotwelds  examined  showed 
corrosion,  no  failure  occurred  during  testing.  This  tank  was  similar  to 
flight  tanks  but  had  been  subjected  to  considerably  more  load  cycles  and 
more  severe  corrosion. 

1.1. 3. 6  Corrosion  Study  Conclusions  -  The  following  conclusions  on  the 
effects  of  corrosion  on  tank  structural  integrity,  cause  of  corrosion,  extent 
of  corrosion,  and  methods  of  preventing  corrosion  are  presented. 

1.  Moderate  to  severe  cjrroslon  causes  a  decrease  of  approximately  3% 

In  the  static  strength  of  tank  joints  when  tested  in  tension  at  -320°F 
and  -423 °P. 

2.  The  fatigue  strength  when  cycled  0  -  135,000  psl  at  -320*7  and  -423*7 
of  such  corroded  Joints  Is  insensitive  to  moderate  corrosion  when 
compared  with  uncorroded  specimens. 

3.  Based  on  available  data,  the  fatigue  strength  (0  -  160,000  psl)  at 
-320*7  and  -423*7  of  moderately  corroded  specimens  is  not  lowered. 

4.  Spotweld  corrosion  Is  caused  by  corrosive  solutions  entrapped  between 
the  faying  surfaces  of  spotwelded  Joints. 


5.  The  corrosion  on  Centaur  tanka  affected  a  avail  percentage  of  the 
total  apotvelds .  The  maximum  amount  was  1.25  percent  of  all  velde 
examined. 

6.  Corrosion  cracks  seldom  Increase  in  length  over  extended  tins  periods. 

7.  Application  of  corrosion  inhibitors,  such  as  WD-40,  to  all  outside 
tank  surfaces  insnediately  following  fabrication  is  desirable. 

1.2  MODIFICATIONS  (PCTT) 

The  Partitioned  Centaur  Test  Tank  (PCTT),  Figure  1-2,  article  consists 
essentially  of  the  following: 

1.  A  stainless  steel  tankage  system  containing  a  liquid  oxygen  tank, 
an  intermediate  tank  volume,  and  a  forward  liquid  hydrogen  tank. 

2.  A  forward  and  aft  Flberglas  adapter. 

3.  A  forward  and  aft  Flberglas  cover  plate. 

4.  Propellant  fill  and  drain  lines  and  pressurization  lines. 

5.  An  instrumentation  system. 

6.  A  thermal  control  (superinsulation)  system. 

The  complete  test  article  is  10  feet  in  diameter,  approximately  20  feet 
long  and  has  a  total  empty  weight  of  approximately  3,300  pounds.  The  nominal 
volume  of  the  life  tack  is  kkQ  cubic  feet  and  the  nominal  volume  of  the  LO2 
tank  is  4o8  cubic  feet. 
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1.2.1  Tank  Description  -  The  Partitioned  Centaur  Tent  Tnnk  (PCTT) ,  Figure 
1-3,  is  a  10  foot  diaaeter  approximately  17.1/2  foot  long  tankage  systea, 
designed  to  use  thin  gauge,  300  series,  stainless  steel  material,  and  is 
pressure  stabilised.  The  tank  rally  weight  is  approximately  1,400  pounds. 

The  L02  tank  was  not  modified  froa  its  original  configuration  defined  in 
Section  1.1.1.  The  liquid  hydrogen  tank  and  intermediate  tank  were  formed 
by  removing  approximately  four  feet  of  cylindrical  section  ikin  end  adding 

a  new  LH2  tank  aft  bulkhead  as  shown  in  Figure  1-2.  The  u.n  bulkhead  is 

\ 

made'  from  eleven  .020  half  hard,  301  series,  stainless  steel,  gore  sections. 
These  gore  sections  are  machine  hell -arc  buttvelded  to  form  the  completed 
bulkhead.  Resistance  fcpotwelding  and  eeaawelding  and  machine  hell -arc 
buttwelding  are  used  throughout  for  joining  techniques. 

Fill  and  vent  and  pressurlxation  lines  have  also  been  provided  far  in 
the  PCTT;  see  Figures  1-2  and  1-4.  The  IS?  tank  fill  and  drain  line  consists 
of  a  3-1/2  inch  diameter,  .065  gauge,  standpipe  cade  from  6061  T6  alur-inum 
alloy  internally  mounted  to  the  LH2  tank  forward  cover  and  a  2-1/2  inch  diam¬ 
eter,  .065  gauge,  321  stainless  steel  outside  line  extending  froa  the  top  of 
the  L&2  tank  forward  cover  plate  out  through  the  forward  adapts v  for  a  length 
of  approxlaately  6  inches.  Flangei  ml  Ike  err"1*  plate  of  thsse  lines  incor¬ 
porate  a  metal  "0"  ring  teal  and  are  bolted  to  the  cover  plsc.t?.  A  Conoseal 
type  flange  is  provided  for  on  the  line  which  interfaces  with  the  AFKPL 
facility  line.  The  Life  tank  preecurisatloo  line  is  sade  from  2-1/2  inch 
diameter,  .065  gauge,  321  stainless  steel  aaterial  and  extendi  from  the  top 
of  the  life  tank  cover  plate,  out  through  the  forward  adapter,  in  approxlaately 
the  same  radial  location  as  the  LB?  fill  and  drain  line.  It  Incorporates  the 
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same  attachment  and  sealing  techniques  as  the  life  fill  and  drain  line.  The 
LO2  tank  uses  the  existing  internal  fill  and  drain  line  previously  Installed, 
without  modification.  Provisions  have  been  made  for  incorporating  a  short 
elbov  from  the  existing  flanged  outlet  to  the  facility  interface.  Connec¬ 
tions  include  an  "0"  ring,  bolf.-on  joint  at  the  tank  flange  and  a  Conoseal, 
maroon  clamp  arrangement  at  the  facility  Interface.  The  L02  tank  pressuriza¬ 
tion  line  is  Identical  to  the  Life  tank  fill  and  drain  line  except  for  the 
internal  standpipe  length. 

1.2.2  Adapter  Description  -  Forward  and  aft  adapters,  Figure  1-5,  are  pro¬ 
vided  as  part  of  the  Partitioned  Centaur  Test  Tank.  The  adapter*  are  used 
for  handling  the  test  article  as  well  as  suspending  u’’,a  test  article  from 
the  chamber  during  testing.  The  adapters  ere  also  representative  of  inter¬ 
stage  and  payload  adapters,  thus  providing  for  thermodynamic  characteristics 
of  this  type  structure  and  its  relationship  to  the  tankage  system.  The 
adapters  also  provide  means  for  externally  mounting  the  super insulation. 

The  forward  adapter  is  10  feet  in  diameter  and  approximately  68  inches 
long.  The  adapter  is  fabricated  from  a  20  ply  minimum,  glass  reinforced, 
plastic  layup,  forming  skin  segments.  Four  skin  segments  are  spliced  anil 
mechanically  fastened  using  bolts,  washers  and  nuts.  At  each  end  of  the 
adapter  is  a  6061  aluminum  alloy  ring  which  is  attached  to  the  Fiberglas 
skin  segments  with  mechanical  fasteners.  The  forward  adapter  incorporates 
four  Fiberglas  lugs  for  mounting  the  entire  test  article  in  the  AFRPL 
chamber.  The  aft  adapter  is  similar  to  the  forward  adapter  except  it  is 
58  inches  in  length  and  has  no  attachment  lugs.  It  also  has  several  cutouts 
for  propellant  fill  and  drain  lines  which  are  different  than  those  in  the 
forward  adapter. 


21 


1.2.3  Cover  Plate  Description  -  The  PCTT  incorporates  forward  and  aft 
cover  plates ,  Figure  l-5>  which  attach  to  the  forward  and  aft  adapters. 

The  cover  plates  are  fabricated  from  four  flat  sheet  segments  of  12  ply, 
glass  reinforced  plastic.  These  four  segments  are  spliced  together  with 
mechanical  fasteners  to  form  a  10  foot  diameter  circular  shape.  Each 
splice  is  reinforced  with  approximately  40  ply,  glass  reinforced  plastic 
splice  plates. 

1.2.4  Insulation  Description  -  The  PCTT  article  is  completely  insulated 
with  super-temp  (Dimplar)  euperinsulation;  see  Figures  1-6  and  1-7.  The 
insulation  sheets  are  aluminized  mylar,  l/2  mil  thick.  These  sheets  are 
used  to  form  Insulation  blankets  consisting  of  several  pairs  of  mylar 
sheets.  One  pair  uses  a  single  layer  of  l/2  mil  smooth  mylar  aluminized 
on  both  sides  and  a  single  layer  c'  l/2  mil,  deep-set  Dimplar  (mylar  alu¬ 
minized  on  both  sides  and  processed  by  Super-Temp  Corporation)  material. 
The  inside  surface  of  the  forward  and  aft  adapters  is  insulated  to  a 
djpth  of  approximately  42  inches  with  one  continuous  blanket  containing 
10  pairs  of  superinsulation  material.  These  blankets  are  attached  to  the 
adapters  by  use  of  Fiberglae  support  pegs,  Fiberglas  felt  washers,  and 
teflon  screws.  Nylon  monofilament  line  (4#  test  or  equivalent)  is  laced 
diagonally  between  upper  and  lower  support  pegs  for  additional  insulation 
support.  The  inside  surfoce  of  the  forward  and  aft  cover  plates  are  insu¬ 
lated  with  three  insulation  blankets  for  each  cover.  One  of  the  three 
blankets  consists  of  six  pairs  cf  fiuperinsul&tion  material  and  the  other 
two  blankets  use  seven  pairs  per  blanket.  Attachment  methods  used  are  the 
same  as  those  used  for  attachment  to  the  forward  and  aft  adapters.  The 
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entire  outside  cylindrical  surface  of  the  test  article ,  including  outside 
surfaces  of  the  forward  and  aft  adapters,  is  Insulated,  rfine  separate 
blankets  for  each  of  three  layers  are  used  on  the  outside  surfaces.  The 
innermost  blankets  are  nade  from  six  pairs  of  insulation  and  the  outer 
two  layers  use  seveu  pairs  for  each  layer.  These  insulation  blankets  are 
attached  to  two  sets  of  Fiberglas  pegs  mounted  on  the  forward  adapter  and 
are  suspended  the  entire  length  of  the  vehicle  without  additional  support. 

A  technique  of  interleaving  smooth  sheets  of  aluminized  mylar  was  used  for 
"bridging"  the  gaps  left  by  the  necessity  to  butt  the  insulation  blankets 
during  installation.  Aluminized  mylar  tape  was  used  liberally  for  attaching 
the  interleaved  sheets  and  for  covering  exposed  screw  heads  and  penetration 
areas.  Fiberglas  standoff  rings  and  bands  were  used  to  reduce  direct  con¬ 
tact  area  of  the  auper insulation  to  the  tank  walls  and  tank  outlets. 

1.2.5  Instrumentation  Description  -  The  instrumentation  for  the  PCTT, 
Figures  1-8,  1-9,  1-10  and  1-11,  consists  cf  one  hot  wire  sensor,  six 
platinum  thermometers  and  akpxoxinately  53  constantan  thermocouples 

All  of  the  thermometers  and  thermocouples  are  intended  for  use  in 
assessing  the  individual  aagnitu'^  of  the  heat  leaks  into  and  through  the 
test  article  structure.  Platinum  resistance  elements  and  chromel/conetantan 
thermocouples  are  placed  In  strategic  location*.  Each  thermocouple  it  wired 
with  a  voltage  bucking  that  of  another  couple,  the  latter  couple  being  shown 
a*  reference. 

The  thersometers  l*ve  an  ice  point  resistance  of  about  1,380  ohms.  The 
leads  c cone c ting  the  thermcBetirr  to  the  reference  Junction  block  are  of  2k 
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1  PCTT  Hot-Wire  Seneor 


C*uge  conctant&n  and  therefore  of  relatively  high  resistance ,  ranging  up 
to  about  40  ohms  at  room  temperature. 

Fifty «eight  of  the  temperature  measurements  are  made  with  chromel/ 
constantan  thermocouples.  Thirty-nine  of  these  are  referenced  to  the  Junc¬ 
tion  block  (Figure  1-10)  which  is  expected  to  stabilise  at  about  LXg  tem¬ 
perature  during  the  testing,  and,  whose  temperature  is  monitored  by  a  Rosemoct 
ll8YL  platinum  resistance  thermometer,  nineteen  of  the  thermocouple  pairs 
measure  temperature  differences  between  closely  related  points  on  the  struc¬ 
ture  in  order  to  assess  the  magnitude  of  the  Individual  local  heat  leaks 
into  and  between  the  tanks. 

The  hot  wire  sensor  is  designed  to  determine  liquid  level  in  the  liquid 
hydrogen  tank  during  cryogenic  testing.  The  sensor  is  located  on  the  Ld2 
tank  fill  and  drain  standpipe  in  such  a  manner  as  to  detect  liquid  level  at 
tank  station  180.2.  The  liquid  level  sensor  consists  of  two  identical 
(redundant)  resistance  elements  c>f  one  all  diameter  platinum  wire.  A  vol¬ 
tage  applied  to  either  or  both  elements  (for  redundant  sensing)  will  result 
in  a  current  which  will  vary  as  a  function  of  the  heat  transfer  charactcr- 
lstica  or  the  sensor  environment.  The  sensor  power  supply  provides  a  low 
voltage  (2.6  to  3»0V)  to  the  sensor  froa  a  28v  dc  source. 


TEST  ABTICIE  FABRICATION 


The  Partitioned  Centaur  Test  Tank  modification  and  fabrication  task  comprised 
the  following: 

1.  Cut  the  vehicle  aft  of  station  219.0  and  remove  approximately  8l 
inches  of  constant  section  skin. 

2.  Fabricate  and  Install  a  new  partitioning  bulkhead  for  the  hydrogen 
tank. 

3.  Repaid  forward  bulkhead  on  to  new  constant  section  and  install  new 
fill  and  vent  lines,  covers,  etc. 

4.  Fabricate  and  install  two  Fiberglas  adapters  which  are  10  feet  in 
diameter  and  approximately  68  Inches  long. 

5.  Fabricate  and  install  two  10  foot  diameter  Fiberglas  cover  plates. 

6.  Fabricate  and  install  one  hot  wire  sensor,  six  platinum  resistance 
type  thermometers  and  approximately  58  chrome.l/constaiuan  thermo¬ 
couples  . 

7.  Fabricate  superinsulatiou  blankets  and  install  on  vehicle. 

This  section  of  the  report  is  devoted  to  the  fabrication,  assembly  and 
installation  tasks  which  were  accomplished  at  the  Convair  facility  in 
San  Diego.  A  limited  amount  of  final  installation  was  accomplished  at  the 
Air  Force  Rocket  Propulsion  laboratory  by  Convair  personnel.  This  work  is 
discussed  in  Section  k,  Field  Test  Support. 
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2.1  TANK  FABRICATION 


The  initial  teak  associated  with  Modification  of  the  Centaur  teat  tank  into 
a  PCTT  configuration  -m#  to  atrip  the  forward  bulkhead  of  lixed  inaulation 
and  leak  teat  the  pre-modified  tankage  ayatem  to  aaaure  the  integrity  of  the 
article  to  be  modified.  A  freon  leak  teat  and  a  helium  leak  teat  were  con¬ 
ducted  on  the  teat  article  in  October  19 66.  The  freon  leak  teat  waa  conducted 
firat,  uaing  the  Centaur  Standard  Equipment  Operations  Procedure  55-535.4.1 
previously  established  for  Centaur  vehicles.  The  following  ia  a  brief  des¬ 
cription  of  the  general  requirements  and  procedures  used  during  the  freon 
testing  of  the  LO2  and  LH2  tanka. 

1.  The  oxidizer  tank  pressure  was  raised  io  7.5  psig,  using  nitrogen,  and 
held  for  five  minutes,  after  which  time  it  waa  reduced  to  3.7  paig. 

2.  The  oxidizer  tank  pressure  was  then  increased  to  4.0  paig,  uaing  freon. 

3.  The  oxidizer  tank  waa  then  further  pressurized  to  5,0  paig,  uaing 
nitrogen,  and  held  for  30  minutes  prior  to  sniffing. 

4.  A  leak  teat  on  all  seams,  welds  and  other  possible  sources  of  leaks 
was  then  conducted,  using  the  General  Electric  H-l  type  sniffer. 

5.  The  LHp  tank  nressure  was  then  raised  to  3.6  psig,  using  nitrogen,  end 
held  for  five  minutes,  after  which  time  it  was  reduced  to  1.5  psig. 

6.  The  LH2  tank  pressure  was  then  increased  to  1.8  psig,  using  freon. 

7.  The  LH2  tank  was  then  further  pressurized  to  2.4  psig,  using  nitrogen, 
and  held  for  30  minuses  prior  to  sniffing 


>ww*u»^vei  nr *****>!"’-■  fmiww  K'i»l  7«WBV*Wh*oW».iwJ)r 


8,  A  leak  test  was  then  performed  on  all  »>'•.  ,  *"-lds,  and  other  possible 
sources  of  leak";  using  the  G.E.  sniffer. 

Following  the  10?  and  IMs  tank  test,  a  helium  leak  test  was  conducted  on 
the  intermediate  bulkhead  cavity  using  the  Convair  Equipment  Operational 
Procedure  55-535.^*3* 

A  leak  test  consisting  of  100$  helium  leak  check  of  all  weld  areas  was 
then  conducted  on  the  entire  vehicle  in  accordance  with  the  same  procedure 
used  for  the  freon  leak  testing. 

The  results  of  this  series  of  tests  showed  no  leaks  in  excess  of  2.6  x  10"5 
cc/sec  in  the  weld  areas.  A  leak  in  the  spring  bulkhead  (Convair  was  pre¬ 
viously  aware  of  this  leak)  was  observed  and  calculated  to  be  2.8  x  10"8 
standard  cc  He/sec.  After  completion  of  the  pre-modification  acceptance 
testing,  Convair  proceeded  with  tank  and  tank  components  modification  M 
fabrication. 

The  Centaur  test  article  was  installed  in  the  major  weld  fixture  (modified 
for  this  program)  and  preparations  completed  for  cutting  the  cylindrical  ekin 
(thus  removing  the  forward  bulkhead)  for  the  purpose  of  installing  the  new 
partitioning  bulkhead,  and  shortening  the  overall  Jength,  After  cutting  the 
cylindrical  skin,  the  forward  bulkhead  was  placed  in  storage  for  subsequent 
reinstallation.  Existing  doublers  which  would,  cause  interference  with  the 
installation  of  the  new  partitioning  bulkhead  were  ground  off. 

The  new  partitioning  bulkhead  was  fabricated  on  existing  tooling  using 
similar  procedures  to  those  used  for  Centaur  production  bulkheads,  the  mjor 
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difference  being  that  Centaur  bulkhead*  eve  chem-utilled  end  the  partitioning 
bulkhead  was  not.  Material  qualification  procedures  followed  were  the  eons 
a*  there  used  on  production  vehicles.  Quality  controls  were  identical  to 
production  methods  except  no  radiographic  inspection  was  performed  on  weld 
Joints.  A  separate  bulkhead  leak  test  wag  performed  on  the  bulkhead  assembly 
prior  to  installation. 

In  prepare tici<  for  the  I ae tails t ion  of  the  new  bulkhead,  the  aft  section 
of  the  tank  was  relocated  in  the  major  weld  fixture  and  a  new  short  length 
cylindrical  skin  installed.  The  new  eulkhoad  was  then  welded  to  the  tank 
using  the  aft  gantry  welder.  See  Figures  2-1  and  .1-2.  Resistance  spotweld 
and  seamweiding  techniques  were  used  during  this  process.  The  forward  bulk¬ 
head  m#  then  taken  out  of  storage  and  reinstalled  by  use  of  the  eft  gentry 
weldor  to  complete  the  basic  tank  modification  task.  See  Figure  2-3  for 
completed  cenfc. 

Detail  fabrication  of  the  forward  and  aft  doer  assemblies ,  the  fill  and 
drain  lines,  and  the  pressurization  lines,  was  accomplished  using  standard 
machining  and  fusion  welding  techniques.  The  door  assemblies  ware  installed 
on  the  tank  and  the  line**  were  prepared  for  9hipr.ent  uc  AFRFL  for  subsequent 
attachment  e.s  par'  of  the  field  test  support  described  in  Section  l. 

2.2  ADAPTOR  AMP  COVER  PLATE  FABRICATION 

The  fabrication  technique  applied  to  the  production  of  the  detailed  parts 
for  the  forward  and  aft  adapters  and  the  cover  plates  was  the  typical  dry 
layup  of  glass  fabric,  reinforced  plastic  laminates.  This  process  essentially 
consists  of  preparing  the  layup  tool,  applying  the  designated  plys,  prepara¬ 
tion  for  and  application  of  the  vacuum  oag  processing,  curing  the  parts  and 
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figure.-  2-1  Aft  Gantry  Velder 


*r- 


gure  2-  Par 


igure  2-3  POTT  Basic  Tank 


trimming  them  to  blueprint  specif icetions . 


All  adapter  details  requiring  n  conto-n*  shape  were  fabricated  from  one 
layup  tool  designed  and  constructed  for  this  prcgren.  Parts  fabricated 
on  this  tool  included  the  cylindrical  skin  quadrants,  longerons,  plates, 
doublers  and  splices. 

All  cover  plate  details  were  fabricated  on  aluminum  flat  plates.  Trim 
and  drill  tools  were  nade  of  template  stock  and  wrapped  to  contour  aa 
required. 

Two  aluminum  rings  for  each,  adapter  were  required  to  be  fabricated  for 
this  program,  'its  aluminum  ring  for  the  outboard  end  of  each  adapeer  was 
fabricated  from  an  existing  channel  section  ring  provided  as  part  of  the 
GFP.  The  aluminum  ring  for  the  inboard  end  of  ach  adapter  was  fabricated 
from  a  welded  6o6l  aluminum  blank.  The  blanks  were  rolled  to  shape,  solu¬ 
tion  heat  treated,  aged  to  t6  condition,  fusion  (tig)  welded,  radiographic 
inspected  and  machined  to  final  configuration. 

The  forward  and  aft  adapter  were  assembled  by  use  of  existing  (modified) 
tooling  as  shown  in  Figures  2-4,  2-5  end  2-6.  The  entire  assemblies  were 
bolted  together.  The  aluminum  attachment  rings  were  drilled  from  existing 
Centaur  master  gauge  tooling  to  assure  matching  of  the  hole  pattern 
established  on  tank  mounting  rings. 

Cover  plates  were  assembled  using  bolts,  nuts  and  weshers  for  all  joining 
requirements.  No  special  tooling  was  required  for  this  assembly  except  for 
the  drilling  operation  of  holes  in  the  cover  plates  for  attachment  to  the 
adapters.  These  holes  were  drilled  from  the  same  available  master  gauge 
tools  used  to  drill  the  adulter  rings  and  tank  attachment  l-ngs. 
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A  numbly 


Figure  S-5  PCPT  Adapter  Ring  Installation 


figure  2-6  Forward  Adapter  Assembly 


2.3  INSULATION  BLANKET  FABRICATION 


All  insulation  blankets  were  assembled  by  the  Super-Temp  Corporation  in 
accordance  with  blueprints  and  specif ic-.tiors  provided  by  Convair.  The 
blankets  were  prepared  by  alternrte  stacking  of  a  smooth  aluminized  mylar 
sheet  and  a  "dimpled"  aluminized  mylar  sheet  until  the  desired  buildup  was 
obtained.  All  blankets  were  fabricated  oversize  and  a  planned  trimming 
operation  was  to  take  place  at  the  time  of  installation. 

2.k  INSTRUMENTATION  FABRICATION 

The  hot  wire  sensor  was  installed  on  the  LEfc  fill  and  drain  standpipe  in 
such  a  manner  as  to  indicate  liquid  level  at  tank  station  180.2.  Sensor 
lead  wires  were  soldered  to  a  standard  receptacle  which  in  turn  was  welded 
into  a  bulkhead  pass -through  fitting.  This  fitting,  made  from  a  standard 
MS  plug,  was  then  installed  in  the  forward  tank  cover  plate  using  a  metal 
"0"  ring  for  sealing.  These  leads  were  then  carried  to  the  terminal  junction 
plate  located  on  the  aft  adapter.  The  terminal  plate  and  reference  junction 
blocs  were  fabricated  using  standard  machining  techniques. 

2.5  FINAL  ASSEMBLY 

The  final  assembly  task  at  the  Convair  San  Diego  plant  consisted  primarily 
of  the  task  of  installing  the  forward  and  aft  adapters  and  the  forward  and 
aft  cover  plates. 

The  forward  and  aft  adapters  were  installed  on  the  tank  assembly  while  in 
the  horizontal  position.  (See  Figures  2-7  and  2-8.)  This  installation  is 
completed  by  bolting  the  aft  flange  of  the  adapter  to  the  tank  mating  ring. 
The  forward  adapter  installation  incorporates  the  use  of  radius  blocks 
installed  behind  the  tank  ring. 


The  forward  and  aft  cover  plates  were  then  installed  on  the  outboard 
end  of  each  adapter  (aee  Figure  2-9)  with  bolts  and  cues,  thus  completing 
the  installation  task.  The  test  article  was  now  ready  for  finax  acceptance 
testing  at  San  Diego. 
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3.  rear  Amgxg  aguym 

3.1  ACCEFTAJCS  LEAK  TEST 

An  acceptance  helium  leak  test  of  all  weld  areas  vas  conducted  on  the  PCTT 
prior  to  delivery.  Detection  of  Individual  leaks  greater  than  2.6  x  10-5 
cr/ecc  would  be  cause  for  rejection. 

The  following  sequence  of  leek  testing  vas  planned  and  accomplished  on 
the  Partitioned  Centaur  Test-  Tank  prior  to  delivery: 

1,  Pressurize  the  LEa  tank  and  L02  tank  with  pure  helium  and  perform  a 
leak  check  on  all  weld  areas  using  the  Veeeo  leak  detector  in  con¬ 
junction  with  a  sniffer  probe. 

2.  Determine  the  helium  content  in  the  intermediate  tack  and  monitor  for 
increase  in  concentration  thus  determining  if  the  bulkheads  forming 
the  intermediate  tank  were  satisfactory,  (it  was  later  discovered 
that  this  test  was  not  feasible  except  to  establish  a  confidence 
level.) 

3  .  Pressurise  the  intermediate  tank  with  pure  helium  and  check  all 

external  weld  areas  for  leaks  using  the  Veecc  leak  detector  in  con¬ 
junction  with  the  sniffer  probe. 

The  leak  testing  of  the  LH2  and  L02  tanks  was  accomplished  on  January  18, 
1967.  Both  teaks  were  pressurised  with  pure  helium  to  approximately  8  polg 
and  allowed  to  stand  for  30  minutes.  All  welds  associated  with  these  tanks 
were  then  leak  checked  with  the  Veeco  leak  detretor  using  a  standard  equipment 


operational  procedure  and  operated  by  a  qualified  person  from  the  inspection 
department.  No  leaks  were  detected  with  the  Veeco  and  probe  on  its  highest 
sensitivity  scale. 

On  January  19 ,  19^7,  vita  the  LS2  and  LOp  tanks  looked  up  at  7.5  peig  with 
pure  helium,  nitrogen  was  introduced  into  the  interafcdlatu  tank  until  a  pres¬ 
sure  of  3*5  P’iig  was  reached.  This  procedure  vaa  implemented  in  preparation 
of  taking  s  base  point  (initial  helium  concentration)  reading  with  the  Veeco 
the  following  morning.  The  plan  was  to  then  take  subsequent  readings  st  four 
hour  intervals  for  2k  hours  to  determine  if  the  concentration  changed  from 
the  base  reading.  If  the  concentration  changed,  it  would  be  indicative  of  a 
leak  in  one  of  the  bulkheads. 

On  January  20,  1967,  the  intermediate  tar  .  was  vented  to  zero  psig  and  the 
first  reading  taken  with  the  Veeco  and  probe.  This  reading  was  recorded  as 
jko  units  on  the  Veeco.  This  reading  and  a  subsequent  calculation  on  the 
possible  ^arts  per  million  count  of  helium  was  evaluated  to  be  excessively 
high  for  a  base  point  reading.  A  nitrogen  purge  of  the  intertank  was  then 
directed  by  engineering.  After  2  hours  of  nitrogen  purge  at  a  low  flow  rate 
and  essentially  zero  pressure,  a  second  Veeco  reading  was  taken.  This  reading 
was  recorded  to  be  9.9  units  on  a  100  scale.  Further  discussion  in  the 
Engineering  department  on  the  procedure  being  used  to  check  the  interbank 
disclosed  that  this  method  of  testing  would  be  inconclusive.  This  conclusion 
was  based  on  the  use  of  the  probe  in  a  large  volume  (intsrtank  is  approxi¬ 
mately  250  cubic  feet)  giving  dilution  effects,  for  which  the  machine  has  no 
compensating  capability.  Because  of  the  uncertainty  of  the  test  results  with 
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the  Veeco  apparatus,  a  decision  was  nade  to  take  gas  samp lea  and  analyze 
these  .samples  in  the  laboratory  on  a  Perkin-Elmer,  Model  1J4-D,  gas  chroma¬ 
tograph.  Veeco  reading  would  also  be  continued.  This  new  procedure  for  leak 
testing  the  intertank  was  discussed  with  the  ATRFL  Project  Engineer,  who 
directed  the  implementation  of  this  procedure.  Convair  initiated  a  48  hour 
leak  check  sequence  with  the  intent  of  demonstrating  that  no  increase  in 
helium  concentration  (within  the  limits  of  the  test  equipment)  occurred  in 
the  intermediate  cavity.  The  results  of  this  test  are  shown  in  Table  3-1  • 

It  should  be  noted  that  the  accuracy  of  the  gas  chromatograph  is  considered 
by  Corive  ir  laboratory  personnel  to  be  +_  20  parts  per  million.  The  data  in 
Table  3-1  shows  that  for  a  period  of  time  exceeding  46  hours,  the  concentra¬ 
tion  did  not  increase  with  the  exception  cf  a  sample  taken  at  6:20  p.m.  on 
January  23,  1967.  Ibis  one  exception  was  attributed  to  a  tank  watch  on  the 
night  shift  inadvertently  pressurizing  the  intertank  cavity  with  nitrogen 
through  a  hose  which  wnz  previously  used  for  pressurizing  the  IS2  and  LO2 
tanks  with  helium. 

The  third  phase  of  acceptance  testing  was  initiated  on  January  26,  1967. 
This  phase  consisted  of  pressurizing  the  interbank  envity  to  3>5  psig  with 
pure  helium  and  icak  checking  all  external  weld  areas  with  the  Veeco  leak 
decector  and  sniffer  probe.  No  leaks  were  detected . 

Preliminary  inspection  of  the  test  article  vat;  conducted  on  January  ??, 
J.067,  by  the  AFHPL  Project  Engineer  resulting  ir  the  initial  signing  of  the 
W2%  and  authorization  to  deii-cr  the  PCTT  to  APRPI,. 

Prior  to  completing  the  preliminary  inspection  on  the  i'CTT ,  it  was 
necessary  to  disposition  an  Air  Force  Discrepancy  Report,  issued  by  the 
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DECASPRO  Quality  Assurance  Representative .  'It is  report  (67-C2-R)  vaa  issued 
to  document  a  urevious  known  condition  of  spotveld  corrosion  pits  and  cracks 
discovered  on  test  tank  55-75^2-i  on  September  B,  196k.  Tte  discrepancy 
report  reflected  the  following  information  regarding  the  PCTT  spotveld  cor¬ 
rosion  status: 

-  Aft  bulkhead  contains  3l6  spotwelda  with  corrosion  pits. 

-  Constant  skin  contains  71  spotveld s  with  corrosion  pits. 

-  Aft  bulkhead  contains  90  spotwelda  With  corrosion  cracks. 

-  Constant  skin  contains  41  spotwelda  with  corrosion  cracks. 

This  condition  was  previously  known  by  Convair  and  van  thoroughly  evaluated 
as  part  of  the  tank  corrosion  study  program,  conducted  by  Convair  under  con¬ 
tracts  to  the  NASA  Lewis  Research  Center,  discussed  in  Section  1.1.3  or’  this 
report. 

The  Air  Force  Discrepancy  Report  described  above,  was  dispositioned  to  the 
satisfaction  of  the  Air  Force  by  Convair  defining  the  appropriate  functional 
limitations  to  be  used  in  handling,  transporting  and  testing  the  PCTT.  These 
limitations  are  presented  in  Convair  Report  GBC-BTD66-216,  "Functional 
Limitations  of  The  partitioned  Centaur  Test  Tank". 

3.2  SHIPPING 

The  PCTT  vehicle  was  prepared  for  shipment  to  the  AFRPL  by  use  of  a  standard 
"low  boy"  trailer.  The  test  article  was  supported  on  the  trailer  through 
the  use  of  wood  saddles  bolted  to  the  trailer  bed.  (See  Figure  3-1.)  Steel 
bands  were  then  secured  around  the  vehicle  and  fixed  to  the  trailer  bed  as 
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shown  in  Figure  3-2.  A  Centaur  transportation  pressurization  unit  (Figure 
3-3)  was  installed  on  the  trailer  to  be  used  for  automatically  maintaining 
tank  pressures  between  specified  bands  during  transportation  to  AFRPL.  The 
entire  test  article  was  shrouded  with  a  polyethylene  cover  and  delivery  was 
made  to  the  Air  Force  Rocket  Propulsion  Laboratory  on  January  30 ,  1967. 
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Figure  3-3  PCTT  Transportation  Pressurization  Unit 


4.  FIELD  TEST  SUPPORT 


Certain  taska  on  the  PCTT  program  wye  of  a  nature  that  they  were  planned  for 
accomplishment  at  the  AFRPL  by  Convsir  personnel.  The  three  major  tasks  of 
this  nature  were:  the  final  installation  of  the  fill  and  drain  and  pressuri¬ 
zation  lines,  the'  installation  of  instrumentation,  and  the  installation  of 
the  super insulation, 

4.1  FILL  AHL  DRAIN  LINES 

This  task  consisted  of  installing  the  internal  standpipe  for  the  LH2  fill  and 
drain  line  to  the  inboard  side  of  the  LH2  tank  cover  plate.  The  cover  plate 
with  standpipe  attached  was  then  reinstalled  (using  new  metal  ''0"  ring  seal) 
on  the  tank  flange  and  bolted  together.  The  external  LH2  fill  and  drain  line 
and  LH2  tank  pressurization  lines  were  inserted  through  the  access  holes  pro¬ 
vided  in  the  forward  adapter  and  then  attached  to  the  outboard  side  of  the 
cover  plate  as  shown  in  Figure  4-1. 

Th«i  LO2  tank  pressurization  standpipe  and  external  line  were  installed  in 
the  same  fashion  as  the  LH2  lines  and  are  shown  in  Figure  4-2.  The  LO2  fill 
and  drain  line  installation  consisted  merely  of  installing  a  new  elbow 
(Figure  4-3)  to  an  existing  fill  and  drain  outlet  on  the  LO2  tank  bulkhead. 

4.2  INSTRUMENTATION 

Six  platinum  resistance  type  thermometers  were  installed  in  areas  of  the  LH2 
tank  as  shown  in  Figure  1-8.  Approximately  58  constantan  thermocouples  were 
attached  to  designated  points  on  the  tank,  adapters,  covtr  plates,  insulation 
mounting  pegs  and  between  insulation  panels.  All  thermometer  and  thermocouple 
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Figure  4-1  LHg  Fill  and  Vent  Line  Installation 


»■& 


at  to. 


Fig-are  4-3  IX) 2  Fill  and  Drain  Line  Installat: 


leads  were  terminated  at  the  terminal  and  reference  junction  block  located 
on  the  aft  adapter  in  an  orderly  fashion  as  shewn  in  Figure  4-4. 

4.3  INSULATION 

Prior  to  the  installation  of  the  superinsulation  blankets,  it  was  necessary 
to  Install  mounting  pegs,  stand-off  bands  and  stand-off  rings  on  the  tank 
and  adapters  as  shown  in  Figures  1-6  and  1-7.  A  typical  stand-off  be  id  and 
mounting  peg  installation  is  shown  in  Figure  4-5.  This  installation  was 
accomplished  by  first  installing  Fiberglas  mounting  pegs  around  the  periphery 
of  the  forward  adapter.  Fiberglas  bands  ’"ere  then  installed  on  the  pegs 
which  contained  a  shoulder  to  "stand-off*  the  bands  approximately  one  inch 
from  the  adapter  surface.  A  similar  installation  was  provided  for  on  the 
aft  adapter  as  shown  in  Figure  4-6.  Figure  4-7  shows  the  installation  of 
a  Fiberglas  stand-off  ring  epoxied  to  the  tank  outlet  ring. 

The  task  of  installing  the  superinsulation  was  accompli  shed  in  three 
major  steps:  insulation  of  the  cover  plates,  insulation  of  the  adapter 
interiors,  insulation  of  the  exterior  surface. 

The  insulation  of  the  cover  plates  (Figure  4-6)  was  accomplished  by 
installing  three  blankets  ou  the  entire  interior  surface  of  the  forward  and 
aft  adapter  cover  plates.  These  blankets  were  mounted  to  the  covers  by  use 
of  Fiberglas  mounting  pegs,  Fiberglas  felt  washers  and  teflon  screws.  All 
blanket  splices  were  made  by  interleaving  layers  of  adjacent  blankets  and 
securitig  the  final  layer  vita  aluminired  mylar  tape.  The  blankets  were  then 
triwned  to  final  shape  and  placed  in  storage  awaiting  final  installation. 


Terminal  Block  Installation 
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The  interior  surface  of  the  forward  and  aft  adapters  was  insulated  with 
a  one  piece  blanket  mounted  in  a  fashion  as  described  above  and  shown  In 
Figures  4-9  and  4-10. 

Forty- two-inch  wide  insulation  blankets  were  instated  around  the  entire 
exterior  surface  of  the  tank  and  adapters.  The  buildup  consisted  of  three 
blankets  Installed  in  a  staggered  pattern.  The  first  layer  of  blankets  is 
shown  in  Figure  4-11.  The  first  and  second  layer  of  blankets  was  spliced 
with  a  single  layer  of  the  six-inch  wide  aluminized  nylar  sheet  attached  to 
the  outside  layer  of  each  adjacent  blanket  with  aluminized  mylar  tape.  The 
final  layer  of  blankets  (Figure  4-12)  was  spliced  with  a  six-inch  wide  alumi 
nizsd  mylar  sheet  attached  to  every  other  sheet  (within  the  final  blanket) 
with  aluminized  mylar  tape. 

During  the  final  trimming  operation  of  the  super insulation,  instrumenta¬ 
tion  measurement  number  46  was  inadvertently  cut,  requiring  splicing  to 
repair. 

The  insulated  cover  plates  were  then  installed  on  the  forward  and  aft 
adapters.  The  entire  test  article  was  then  wrapped  with  a  polyethylene 
cover  as  a  protective  measure  and  delivered  to  the  AFKPL  by  DD250. 


Figure  4-9  Forward  Adapter  Insulation 
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Hie  Partitioned  Castasr  Test  'fknk  iPCiT}  is  a  Flisit-Swight  Cc.ua r  S 

Test  Tans.  f55-VM2J  allies  ut  'seta  •-dified  icr  tieratai  testing  at  the  j 

Air  Force  Socket  Propulsion  Labor*  l^ry  iAFSPL).  i  sketch  cf  the  PCT1  la 
shown  in  Figure  1.  Jfodif i cat ions  to  the  Centaur  task  consist  of  r»o^is|  i 

a  section  of  cylindrical  tank  skin,  welding  in  a  net  ellipsoidal  bnlkht&d.  i 

and  rewelding  the  forward  bulkhead  to  the  tank.  Xe»  hardware  fabricates  l 

i  for  the  PCTT  consists  of  the  adapters,  coTer  plates,  propellant  fill  and  i 

vent  lines,  and  superinsulation.  | 
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Figure  1 

PCTT-1  CONFIGURATION 
( PCTT-6  INSULATION  OMITTED  FOR  CLARITY) 


MENUIED  ir 


Dtn 


CHICKED  IV 


DAVE 


DEVISED  ST 


cm 


d'06-l  (KEV.  9-65) 

0  i 


ttBNSPIAi.  OYNAMtd 

Convsir  DnisJo# 


mpmr  QDC-BTP6S 


p/m. 


SECTION  2 

DESIGN  FACTORS  OF  SAFETY 


The  FCTT  i«  made  from  «n  existing  flight  weight  Centaur  Teat  Tank. 
Care  should  be  used  to  see  that  all  liaitations  set  forth  in  this  docu¬ 
ment  are  strictly  adhered  to  because  safety  factors  at  a  flight  weight 
Tank  ere  considerably  less  than  those  usually  encountered  in  ground  test 
equipment.  Hardware  which  was  fabricated  new  for  the  ?CTT  has  safety 
factors  which  are  consistent  with  Centaur  ground  support  equipment.  A 
list  of  safety  factors  used  for  the  design  of  the  suijor  PCTT  components 
is  contained  in  Table  1.  The  safety  factors  are  defined  in  the  following 
manner: 


Limit  safety  factor 


Limit  streas 
Operating  stress 


Ultimate  safety  factor 


Ultimate  stress 
Operating  stress 


Operating  stress  is  defined  as  the  stress  sncountersd  under  the  specified 
conditions  of  operation  or  use.  detrimental  yielding  shall  occur  at 
limit  stress  and  no  failure  shall  occur  at  ultimate  atreaa. 
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Table  1 

SAFETY  FACTORS  USED  IN  THE  PCTT  DESIGN 


PART 

SAFETY 

FACTOR 

NUMBER 

NAME  OF  PART 

LIMIT 

ULTIMATE 

PCTT- 1-2 

STANDPIPE 

1.00 

1.50 

PCTT-2-1 

FORWARD  ADAPTER  ASSEMBLY 

2.00 

3.00 

PCTT-2-2 

AFT  ADAPTER  ASSEMBLY 

2.00 

3.00 

PCTT-2-3 

FORWARD  COVER  PLATE 

2.00 

3.00 

PCTT-2-4 

AFT  COVER  PLATE 

2.00 

3.00 

PCTT-2-24 

RING 

1.00 

1.50 

PCTT- 2- 25 

RING 

1.00 

1.50 

PCTT-4-1 

DOOR  ASSEMBLY 

2.00 

3.00 

PCTT-4-9 

TUBE  ASSEMBLY 

2.00 

3.00 

PCTT- 4-1 4 

TUBE  ASSEMBLY 

2.00 

3.00 

PCTT-4-16 

TUBE  ASSEMBLY 

2.00 

3.00 

PCTT- 4 -18 

TUBE  ASSEMBLY 

2.00 

3.00 

PCTT-6-1 

INSULATION  ASSEMBLY 

2.00 

3.00 

PCTT-7-1 

TANK  ASSEMBLY 

1.00 

1.25 

A*780‘t  (HIV,  0.««) 
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SECTION  3 

GROUND  HANDLING  AND  TRANSPORTATION 


Configuration  -  All  routine  ground  handling  and  transportation  of 
ths  PCTT  shall  be  accomplished  with  ths  adaptors  and  cover  plates 
installed(  and  the  propellant  fill  and  vent  lines  (both  internal 
and  external)  removed  unless  specified  otherwise  elsewhere  in  this 
procedure.  Gross  empty  weight  of  the  PCTT  in  its  transportation 
configuration  is  3200  pounds. 

Tank  Pressures  -  The  tank  pressures  during  maintenance!  storage t 
ground  handling,  and  transportation  shall  be  8.0  +  1.0  paig  in  the 
forward  and  aft  tank,  and  4.0  +  1.0  paif  in  the  inter-tank  region. 

-  CAUTION  - 

The  forward  and  aft  tanks  must  be  maintained  at 
least  2.0  paig  higher  in  pressure  than  the  inter- 
tank  region.  Damage  will  result  to  the  test 
article  if  this  condition  is  not  strictly  observed. 

During  transportation  from  San  Diego  to  AFKPL,  the  tank  pressures 
will  be  automatically  maintained  at  8.3  to  9.8  paig  in  the  forward 
and  aft  tanks  and  4.2  to  7.2  psig  in  the  inter-tank  region  by  means 
of  a  Centaur  Transportation  Pressurization  Unit.  Thin  unit  gives 
an  automatic  warning  signal  if  the  tank  pressures  vary  outside  the 
limits  set  forth  above. 

The  intermediate  bulkhead  boss  at  Sts.  324.17  (Quad.  I,  3  inches 
from  the  Y-axis)  shall  be  vented  to  the  atmosphere  at  sll  times 
during  maintenance,  storage,  ground  handling,  and  transportation. 
The  boea  shall  be  protected  by  a  four  layor  thickness  of  ch#t*> .1- 
cloth  taped  in  place.  A  plastic  bag  at  least  9  inches  long  ani 
2  inches  in  diametsr  with  both  v.ods  open  shall  be  taped  over  ths 
boss  to  serve  as  weather  protection. 

-  CAUTION  - 

The  fragmentation  pressure  for  the  PCTT  tank  is 
9.9  psig.  Tank  pressures  shall  be  kept  below 
9.9  psig  at  sll  times  when  a  failure  would  be 
hazardous  to  personnel. 

Ground  Winds  -  Erection,  positioning,  and  hoisting  of  the  PCTT 
shall  be  accomplished  only  in  winds  which  do  not  exceed  ten  (10) 
MPH.  The  PCTT  ehall  not  be  left  free  standing  in  winds  (steady 
stats  plus  gusts)  which  exceed  20  MPH. 
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3.4  Hoisting  and  Positioning  -  All  hoisting  and  positioning  shall  be 
performed  with  a  crane  system  having  a  rated  load  capacity  of  at 
least  4  tons.  The  cable  from  the  crane  shall  be  attached  to  the 
PCTT  by  moans  of  a  4  ton  capacity  spreader  bar  system  which  has 
two  cables  120.9  inches  apart  that  attach  to  two  diametrically 
opposite  longerons  as  shown  in  Figure  2.  A  clevis  or  clevis-like 
device  shall  be  used  to  connect  the  spreader  bar-  cables  to  the 
PCTT  so  no  bending  or  radial  shear  forces  are  induced  on  the 
longerons.  The  distance  across  the  throat  of  the  clevis  shall  be 
2.35  to  2.40  inches.  The  clevis  pins  shall  be  NAS  1018  bolts  made 
from  A286  CHES.  Two  half  inch  diameter  nylon  taglices,  180*  apart, 
shall  be  attached  to  th*  aft  adapter  and  one  man  shall  manage  each 
tagline.  The  taglines  *nail  be  attached  to  the  adapter  by  means 

of  angles  (2)  which  bolt  t.o  the  aft  adapter  ring  with  at  least  4 
bolts  each  at  a  2  inch  spacing.  The  outstanding  leg  of  the  angle 
has  a  hole  through  which  the  tagline  can  be  attached.  The  purpose 
of  the  taglines  ia  to  help  damn  out  oscillation*  of  the  PCTT  while 
it  is  being  hoisted.  Extremely  large  forces  shall  not  be  applied 
to  the  taglines. 

3.5  Erection  -  Erection  from  horizontal  to  vertical  shall  be  accom¬ 
plished  on  s  truck  having  a  rotating  cradle.  A  spreader  bar  (see 
Section  3.4)  shall  be  used  to  attach  the  crane  to  the  PCTT 
longerons  at  the  sides  of  the  test  article  as  shown  ia  Figure  3. 

Two  padded  straps  located  aa  shown  in  Figure  3  shall  be  used  to 
tie  the  aft  adapter  to  the  rotation  cradle.  Aa  the  PCTT  is  slowly 
"wised  to  the  vertical  position,  the  truck  must  be  slowly  moved 
forward  to  keep  the  hoisting  cables  within  10*  of  vertical.  The 
base  of  the  PCTT  shall  be  kept  in  contact  with  the  cradle,  but  the 
PCTT  must  be  held  by  the  crane  at  all  times.  Two  tagiines  capable 
cf  2000  pounds  each  shall  be  attached  to  the  clevises  (see  figure 

3)  to  help  ease  the  PCTT  through  the  over  center  portion  of  rotation 
whicn  occurs  from  approximately  53*  to  8C*  from  the  horizontal 
position.  A  2000  pound  tension  load  shall  be  supplied  by  means  of 
a  winch  or  the  equivalent.  When  the  vertical  position  is  reached, 
the  straps  may  be  removed  and  the  PCTT  may  te  raised  from  the 
truck  bed.  Uotation  from  vertical  to  Horizontal  can  he  accomplished 
by  reversing  the  above  procedure. 
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;  3.*'  Tranupcrtatiuo  -  T1  Anrpurictiou  of  the  PCTT  shall  be  accomplished 

!  on  a  flat  bad  irark  having  supports  located  aa  shown  in  Figure  4. 

T:<-  30  iasjv  wide  crcdlea  fur*  the  wain  support*.  These  crac  Lea 
afcsil  tii  located  aa  "lose  aa  possible  to  the  Sta.  219  and  Sta. 
i  3  at  .47  rin^3>  1  aiairr*  of  0.73  inches  of  wool  felt  padding  shall 

j  be  *useu  betceou  .»  cradles  and  t hv  tank.  Steel  hold  down  straps, 

a  air\r«  o'  1  21  ]  .  ;hee  wide,  Mha.il  re  used  at  the  Sta.  21S  and 
Sta.  3i*€ ,  r„.'ga .  $  airtirum  thicluesa  of  C.75  inrhea  of  Cargo  Paic 

;*r.idlns  sAn.li.  be  used  between  the  hold  down  straps  and  the  tank 
!  rings.  A  wooden  aupnc rt  cradle  aith  a  ainiaua  of  1  inch  of  Cargo 

Pak  padding  shall  he  provided  at  Sta.  151.  The  rotation  cradle, 
Douglas  Part  Mo.  I?;4i50-?,  with  a  Hininun  of  1  inch  of  Cargo  Pak 
padding  shall  be  used  as  a  support  at  Sta:  334.47.  Snug  but  not 
tight  0.75  inch  wide  steel  straps  with  a  1.0  inch  Bininuat  thickness 
of  Cargo  padding  shall  bo  used  at  Sta.  151  and  Sta.  384.47  to 
secure  the  adapters.  Engineering  representatives  frea  Design 
(961-1)  £2966,  and  Stress  (961-4)  X2222,  shall  be  present  during 
the  entire  loading  process  to  insure  that  the  PCTT  is  properly 
secured  to  the  trailer. 

-  CAUTION  - 

The  tank  pressures  shall  be  wonitored  continuously 
dur:  lg  transportation  and  kepi  within  the  Units 
established  in  Sectiou  3.2  of  this  report.  A 
minimus  of  four  (4;  K-bottles  of  dry  nitrogen 
snail,  be  provided  during  shipment  so  that  tank 
pressures  way  be  increased  if  necessary. 

-  WARNING  - 

If  pressure  in  any  tank  varies  outside  the  limits 
of  Section  3.2,  the  truck  must  stop  at  once.  The 
truck  wust  not  proceed  until  the  pressures  are 
restored  to  cornel  (are  Section  3.2). 
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3.?  Adapter  Cover  Plate  Removal  and  Installation  -  The  adapter  cover 
plates  shall  only  be  removed  (or  installed)  with  the  PCTT  in  a 
vertical  position.  Removal  of  the  forward  cover  plate  shall  be 
accomplished  with  the  PCTT  standing  on  the  aft  adapter.  Attach 
a  four  cable  sling  to  the  eyebolts  located  on  the  cover  as  shown 
in  Figure  5.  Unbolt  the  cover  and  lift  it  vertically  until  it 
clears  the  longerons.  Reverse  the  above  procedure  to  install  the 
forward  cover.  Torque  the  NAS  1005  fasteners  to  100  -  140  in.  lb. 

Removal  of  the  aft  cov«r  plate  shall  be  accomplished  by  suspending 
the  PCTT  over  some  supports  for  the  cover,  unbolting  the  cover,  and 
hoisting  the  entire  r'CTTj  leaving  the  cover  plate  on  the  three 
supports  (Figure  5).  The  cover  plate  can  then  be  moved  by  a  sling 
attached  to  the  eyebolts  as  in  Figure  5.  Reverse  the  above  pro¬ 
cedure  to  install  the  aft  caver.  Torque  the  NAS  1004  fasteners  to 
50-70  *n.  lb. 

3.8  Adapter  Removal  and  Installation  -  The  adapters  shall  only  be  re- 
moy?d  when  the  PCTT  is  in  the  vertical  position.  The  exterior 
propellant  fill  and  vent  lines  must  be  removed  per  Section  3.10, 
the  tank  openings  capped,  and  the  tanks  repr-ssurized  before  the 
adapters  can  be  removed.  Removal  of  the  forward  adapter  is  accom¬ 
plished  by  supporting  the  PCTT  on  the  aft  adapter,  unbolting  the 
forward  adapter,  and  hoisting  it  vertically  with  the  spreader  bar 
(■Section  3.4)  until  it  clears  the  forward  bulkhead.  Two  half  inch 
nylon  tag  lines  located  160'  apart  shall  be  attached  to  the  aft 
ring  of  the  adapter,  if  necessary,  and  one  man  shall  stana&r  each 
tagline.  The  taglinea  shall  be  attached  in  the  manner  of  Section 
3.4.  Taglinea  required  on  the  adapters  only  when  hoisting  in 
a  wind  or  when  damage  due  to  oscillations  is  possible.  The  adapter 
shall  tie  Kept  vertical  when  it  is  removed  from  the  tank.  Reverse 
the  above  procedure  to  install  the  forward  adapter  on  the  tank. 
Torque  the  NAS  1004  fasteners  to  50  -  70  in.  lb. 

Removal  of  the  aft  -uept‘,r  can  only  he  accomplished  with  the  for¬ 
ward  adapter  installed  because  the  t*CTT  shall  be  hoisted  only 
through  tht  forward  adapter.  Removal  of  the  aft  adapter  is  accom¬ 
plished  by  supporting  the  PCTT  on  the  aft  ad»p?**",  unbolting  the 
aft  adapter  from  the  tank  ring,  and  hoisting  the  PCTT  vertically 
until  it  clears  the  aft  adapter.  Two  taglmee  located  1H0*  apart 
shall  be  att;-"  t«d  to  the  aft  ring  of  the  tank,  if  necessary,  and 
one  Man  shall  manage  each  tagline.  The  taglin?  attachment  method 
is  the  same  as  used  on  the  forvard  adapter.  The  PCTT  must  remain 
suspended  while  the  aft  adapter  is  not  in  place.  Reverse  the  above 
procedure  to  install  tha  aft  adapter  on  the  tank  Torque  the  NAS 

1004  fasteners  to  50  -  '0  in.  lb. 
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3.9  Uepreasurizati on ,  Opening,  Closure,  and  Pressurization  of  Propellant 
Tanka  - 

3.9.1  Verify  that  the  following  materials  and  equipment  are  available 
before  attempting  any  portion  of  this  procedure. 

)  Adequate  tooling  and/or  engineering  parts  jo  seal  all  tanks 

and  to  ,  lac.  the  PCT^  in  stretch  by  suspending  it  in  tension. 

2.  Three  p  »ss  re  g,  ge»  0-15  psig  range  minimum. 

3.  A  regulated  supp'y  of  nitrogen  gas  per  MIL-P-27401 . 

4.  Adequate  fittings,  valves,  adapters,  and  hose  for  use  during 
pressurization  arid  depressurization 

5.  Cheesecloth,  GDC  Materia!  No.  32  2S2700  (787032)  or  equivalent, 
ti.  Centaur  upper-stage  t&nk  log  book  GDC  Form  No.  A-4083. 

3.9.2  Depressurization  -  The  depressurization  sequence  shall  be  performed 
in  the  following  Banner , 

1.  Place  the  PCTT  in  stretch  by  suspending  it  from  thfc*  forward 
adapter  per  Section  3.4  end  place  ’'tanks  degassed  nr.cl  in 
stretch"  signs  an  all  four  sides  of  the  tank. 

2.  Verify  that  the  intermediate  bulkhead  is  vented  to  the  atmos¬ 
phere.  Protect  the  vent  tube  at  Sts.  324.17  in  Quad.  1,  3 
inches  from  the  Y-axis  with  four  thicknesses  of  cheesecloth 
taped  in  place. 

3.  i>*p.-ss‘*urizt  the  inter-tank  region  first  by  removing  the  pres¬ 

surization  line  at  the  PCTT-4-7  plate  and  monitoring  the  pres¬ 
sure  gage  until  it  reads  zero  gaga  pressure  Remove  the  PCTT- 
4-7  plate  end  cover  the  opening  with  a  four  layer  thickness  of 
cheesecloth  taped  in  place.  Record  the  actual  and  place 

•rnoro  the  tank  is  depressurized  in  the  tank  log  book 

4.  Depressurize  the  forward  lark  by  removing  the  pressurizat ion 
lino  (or  plug  us  applicable)  located  at  Sta.  179.0  on  the  A-X 
axis  between  Quads  i  end  II. 

-  CAUTION  - 

The  inicr-tenk  region  must  be  depressurized  before  the 
irtard  ana/or  »f t  tank  la  depressurized.  L)am-'\ge  will 
reei-lt  to  the  tsst  article  if  this  condition  is  not 
strictly  observed. 
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4.  Continued 

Monitor  the  pressure  gage  until  it  reads  zero.  Cover  the  tank 
opening  with  a  four-layer  thickness  of  cheesecloth  taprd  in 
place.  Record  the  actual  time  and  place  where  the  tank  is 
depressurized  in  the  tank  log  bonk. 

NOTE:  The  aft  tank  may  remain  pressurized  when  the  forward 
tank  is  depressurized,  however,  the  inter-tank  region 
must  be  depressurized  first, 

5,  Depressurize  the  aft  tank  by  removing  the  pressurization  line 
(or  plug  as  applicable)  located  on  the  aft  door  on  the  X-X 
axis  between  Quads  III  and  IV. 

-  CAUTION  - 

The  inter-tank  region  must  be  depressurized  before  the 
forward  and/or  aft  tank  is  depressurized.  Damage  will 
result  to  the  teat  article  if  thiu  condition  is  not 
strictly  observed. 

Monitor  the  pressure  gage  until  it  reads  zero.  Cover  the  tank 
opening  wit  a  four-layer  thickness  of  cheesecloth  taped  in 
place.  Record  the  actual  time  and  place  where  the  tank  ia 
depressurized  in  the  tank  log  book. 

NOTE:  The  forward  tank  may  remain  pressurized  when  the 

aft  tank  is  depressurized,  however,  the  inter-tank 
region  must  be  depressurized  first. 

3.9.3  Opening  Forward  or  Aft  Tank  -  Before  opening  any  tank  it  must  be 
depressurized  in  the  manner  of  Section  3.9.2.  The  forward  and/or 
aft  tank  a#y  then  be  opened  by  removing  the  fill  and  vent  pipes  if 
installed,  and  the  belts  around  the  periphery  of  the  door.  Care 
shall  be  used  when  the  internal  pipei,  PCTT-4-18  and  PCTT-4-20, 
are  installed  on  the  door  to  in*  ire  that  they  do  not  hit  the  tank 
walls  a#  the  doors  ere  r  woven. 

-  WARNING  - 

The  tanks  are  pressurized  with  nitrogen  gas.  Personnel 
should  not  attempt  to  enter  the  tanka  until  the  tanks 
have  been  purged  and  it  ia  verified  that  the  oxygen 
content  la  norma  1 . 
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Until  the  tanks  are  purged,  a  sign  shall  be  taped  next  to  the 
opening  with  the  following  words:  "Caution,  Tank  Not  Purged, 

Do  Not  Enter".  After  the  tanks  are  properly  purged,  a  continuous 
supply  of  fresh  air  shall  be  blown  into  the  tank  while  personnel 
are  inside.  Personnel  entering  the  tank  shall  be  supported  from 
the  outside  by  Means  of  a  bosun's  chair  or  other  suitable  device. 

-  CAUTION  - 

The  depressurized  tank  skin  is  not  capable  of 
supporting  personnel  or  equlpeient.  Extreme  care 
should  be  used  when  entering  the  tank  to  avoid  local 
loads  on  the  tank  skin. 

3.9.4  Closing  Forward  or  Aft  Tank  -  Every  tieie  the  door  is  removed,  the 
torus  seal,  83-67973-040,  shall  be  replaced  with  a  new  seal.  The 
door  shall  be  bolted  in  place  with  the  bolts  torqued  to  the 
following  limits: 

Forward  door:  NAS  1003  bolts,  20  -  25  in.  lb. 

Aft  door:  NAS  1144  screws,  50-70  in.  lb. 

Care  shall  be  used  when  the  internal  pipes,  PCTT-4-18  and  PCTT-4-20 
are  installet.  on  the  door  to  insure  that  they  do  not  hit  the  tank 
walls  as  the  doors  are  installed. 

3.9.5  Pressurization  -  Reverse  the  procedure  of  Section  3.9.2  to  pressurize 
the  tanks. 


-  CAUTION  - 

Pressurize  both  the  forward  and  aft  tanks  before 
pressurizing  the  inter-tank  region. 

Tank  pressures  shall  be  in  accordance  with  Section  3.2.  Leak  check 
all  fittings  on  the  forward  and  aft  tanks  before  pressurizing  the 
inter  tank  region.  Leak  check  the  fittings  on  the  inter-tank 
region  after  it  is  pressurised. 


Propellant  Fill  and  Vent  Lines  -  During  all  phases  of  transportation 
the  propellant  fill  and  vent  lines,  PCTT-4-16  Co),  PCTT-4-18, 
PCTT-4-I4,  and  PCTT-4-20,  must  be  removed  from  the  PCTT  and  shipped 
separately.  The  lines  shall  be  installed  (or  removed)  with  the  PCTT 
vertical  and  depressurized  per  Section  3.9  just  prior  to  installation 
in  the  test  facility.  The  forward  and  aft  cover  plates  must  be 
removed  per  Section  3.7  to  install  the  fill  and  vent  lines,  PCTT-4, 
and  a  portion  of  the  insulation  P’CTT-6.  All  of  the  fill  and  vent 
lines  shall  be  installed  with  NAS  2003  bolts  torqued  to  20  -  25 
in.  lb.  After  installing  the  propellant  lines,  install  the  PCTT-2-5 
support  halves  on  the  adapters. 

Care  should  be  used  to  avoid  loading  the  fill  and  vent  pipes  during 
ground  handling  and  installation  of  the  PCTT  in  the  test  facility, 
L^ad  limitations  on  the  pipes  are  listed  in  Section  4.3  of  this 
report . 

Insulation  Installation  -  The  PCTT-6  superinsulation  for  the  PCTT 
shall  be  installed  on  the  test  article  after  the  fill  and  vent  lines 
and  appropriate  instrumentation  have  been  installed.  The  PCTT  shall 
be  in  the  vertical  position  when  the  insulation  is  installed.  A 
portion  of  the  insulation  must  be  installed  while  the  cover  plates 
are  removed  to  install  thv-  pipes,  see  Section  3.10. 
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SECTiON  4 
TESTING 


4.1  Configuration  -  The  PCTT  shall  b*  put  in  its  test  conf igurction  ,?u»t 
prior  to  installation  in  the  test  facility.  Test  confirmation 
includes  the  adapters,  cover  plates,  fill  and  vent  pipes,  and  super¬ 
insulation.  The  PCTT  shall  be  supported  by  suspending  it  in  tension 
from  the  longerons  at  the  'orward  end  of  the  forward  adapter. 

Maximum  empty  weight  of  the  PCTT  in  its  test  configuration  is  3500 
pounds.  Maximum  gross  weight  of  29,000  potutdu  occurs  with  the  for¬ 
ward  tank  full  of  LN2  ar d  the  aft  tank  empty.  Gross  weight  with  Lri£ 
forward  and  LN;>  aft  is  24,300  pounds. 

4.2  Tank  Pressures  -  During  installation  (or  removal)  of  the  PCTT  in  the 
test  facility,  the  tank  pressures  shall  be  maintained  per  Section  3.2. 

During  tanking,  testing,  and  detanking,  the  intermediate  bulkhead 
cavity  shall  be  kept  evacuated  by  a  vacuum  pump  running  continuously. 

After  installation  of  the  PCTT  in  the  teat  facility,  the  inter-tank 
region  shall  be  vented  to  the  altitude  chamber  as  per  Section  3.d. 

During  tanking,  testing,  and  detanking,  the  gas  pressure  in  the 
forward  ( LHo )  and  aft  ( LNo )  tanks  shall  not  exceed  20.0  paia.  When 
LN'2  is  in  the  forward  tank,  its  maximum  gas  pressure  shall  be  20.0 
psia.  The  pressure  in  the  forward  ^  id  aft  tanks  shall  always  be 
maintained  a  minimum  of  4.0  psi  higher  than  the  pressure  m  tho 
inter-tanfc  region  and/or  test  facility.  The  tanks  shall  be  pres¬ 
surized  through  the  vent  lines  during  tanking,  testing,  and  de¬ 
tanking. 

The  rate  of  chamber  e  vacuation  (or  represser! zation )  shall  be 
monitored  so  that  the  differential  pressure  across  the  adapter  walls 
does  not  exceed  0.02  peid.  Visual  surveillance  of  the  super  insulation 
shall  be  provided  during  facility  evacuation  to  verify  that  it  is  out-] 
gassing  properly.  A  slower  than  normal  pumpdown  may  be  required  to 
keep  from  damaging  tin  insulation. 

-  CAUTlUN 

The  iragmeniat ion  pressure  of  the  PCTT  tnnk  is  y.V 
psi g .  Ten  k  pressures  shall  be  kept  below  O.y  pstg 
at  all  time*  »h#r.  a  failure  would  be  hazardous  t » 
perscnnal . 
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4.3  Propellant  Fill  and  Vent  Lines  -  Tha  PCTT  fill  and  vent  lines  >;re 
cantilevered  from  the  propellent  tanks.  The  lines  receive-  rorae 
support  at  the  adapter  sail.  Allowable  loads  which  way  be  aupiied 
to  the  ends  of  the  fill  and  vent  lines  are  given  by  the  interaction 
equations  which  follow: 

4.3.1  LKy  fill  and  vent  pipes,  PCTT-4-16. 
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Figure  6 

LOAU  OlKLCTIONn ,  PCTT-4-16,  FORWARD 


4.3.2  LN2  v?nt  pipe,  wCTT-4-)S. 
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4,3.3  1^2  **11  pipe,  PCTT-4-14 . 
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Figure  8 

WkO  1)1  SECTIONS,  FCTT-4-  !  4 

Th4ro*l  Oef lections  of  Pipes  -  Ths  propellant  fill  ant*  veat  pip*.* 
wi.il  deflect  relative  to  the  teet  facility  rhert  cryogenic*  are 
t so  tea  in  t  PCTT.  Thermal  deflection  relative  to  the  point  of 
support  at  tne  top  cf  the  loaf arena  is  aqua!  to  or  laaa  than. 


PCTT-4-.io,  & 


LH2  Teak 


pcrr-4~i«,  A 


m 

Tack 


POTT 


•W4t  ci 


♦0.1 3  inches 


O.t  5  inches 


♦  0.65  inches 


ilssign  of  lh»  facility  lines  shall  incorporate  provisions  to  allov 
the  ibove  deflections  without  exceeding  the  allowable  pips  loads 
of  the  pr reeding  section. 

Cryogenic  Proof  feet  -  A  cryogenic  proof  teat  of  the  reworked  forward 
tank  shall  be  perf  ora  ad  with  Lh'^  before  testing  is  performed  with 
LKk ‘  fhr  tanking  level  ahali  not  exceed  ta.  180,2  The  ait  tank 

shall  be  empty  during  this  taat.  Maximum  pressure  in  the  forward 
tank  shall  sot  exceed  20.0  peia  when  it  contains  LH^.  Chill  thx 
teak  per  lection  4.5  before  tensing  •  A  minimum  differential 
pressure  of  4,0  paid  shall  be  maintained  across  the  tank  wall  when  it 
con  twine  L&2- 

CAUTlUM  - 

*heo  12*  is  ia  ih*  forward  iomk  the  aft  tank  ah  U 
be  «rpiy  of  liouida.  Failure  U  obs*n»  this  li*x ta¬ 
ttoo  any  cause  damage  to  the  te.ri  arucle. 
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4.4  Continued 

-  CAUTION  - 

LH^  shall  not  «t  roy  tiae  be  put  in  the  aft  (LNy )  tank. 

Failure  to  observe  this  liaitation  nay  cause  daaage  to  the 
test  article. 

4.5  Tanking  and  Oetanking  -  The  forward  tank  shall  always  be 

te>K»d  first  and  detankeu  last.  7U *  forward  tank  shall  be  chilled 

|  by  cracking  the  LH2  fill  valve  and  letting  cold  H2  (or  N2 )  gas  into 

the  tank  for  a  period  of  toenty  tiautes  before  opening  the  valve 
wide  and  filling  the  tan1*  with  LHs  (or  LN2 )  •  Tank  pressures  during 
tanking  shall  be  in  accordance  with  Section  4.2.  The  LHg  level  in 
|  the  forward  tank  shall  not  exceed  Sta.  180.2.  Thirty  minute*  aha! 

!  b *  allowed  between  completion  of  LHz  tanking  and  beginning  LN2 

j  tanking  in  the  aft  tank,  however,  during  this  tiae  the  aft  tank 

shall  be  chilled  by  cracking  the  LN2  fill  valve  and  letting  cold  N2 
ga&  into  the  tank.  The  Lit 2  level  in  the  aft  tank  shall  not  exceed 
j  Sta.  2^4. 

j  -  CAUTION  - 

iMZ  shall  n't  at  any  tiae  be  put  in  the  aft  tank. 

Faiiu  rc  to  observe  thic  liaitation  nay  cause  daaage 

*.o  the  tr»t  trticl*. 


mine l  uisk  vcluaes  versus  station  are  shown  m  Figure  tf  and  10. 
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FOKEHOKD 


The  Partitioned  Centaur  Test  Tank  (PCTT)  thermal  analysis 
of  this  report  has  been  perfumed  in  accordance  with  the  pro¬ 
visions  of  Contract  No.  F0461-67-C-0004.  The  report  includes 
detailed  predicted  temperature  distributions,  resulting  tank 
net  heat  rates,  and  propellant  boil-off  rates  for  the  PCTT 
under  simulated  space-environmental  .jnditions  in  the  Space 
Environment  Simulation  Facility  Chamber  of  the  Air  Force 
Kocket  Propulsion  Laboratory  at  Edwards  Hocket  Site. 
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SUMMARY 


Results  of  a  detailed  thermal  analysis  are  presented  for  the 
Partitioned  Centaur  Teat  Tank  (PCTT),  a  space-environmental  cryogenic 
storage  test  article  employing  Dimpiar  super  insulation.  The  analysis 
of  this  report  is  based  on  the  simulated  space-environmental  condi¬ 
tions  of  the  AFKPL  vacuum  test  facility  including  hard  vacuum,  LN,, 
cold  wall,  and  quartz  lamp  radiation  source,  assuming  the  PCTT  to  be 
fully  tanked  in  accordance  with  stress  limitations  and  in  thermal 
equilibrium.  Detailed  PcTT  temperature  distributions  and  heat  trans¬ 
fer  rates  were  predicted  on  the  basis  of  the  simulated  apace-snvii on- 
mental  flux  distribution  prescribed  for  AFKPL  PCTT  testing  in  the  test 
document  of  Reference  1.  Applications  of  the  analytical  predictions 
to  the  anticipated  test  procedure  and  the  ensuing  post-test  evaluation 
of  the  PCTT  thermal  control  performance  are  discussed.  Predicted 
equilibrium  propellant  tank  net  heat  rates  corresponding  to  the 
Reference  1  PCTT  incident  heating  rates  are  42.09  Btu/hr  for  the 
tank  and  14.56  Btu/hr  for  the  LN2  tank,  with  corresponding  respective 
boil-off  rates  of  0.218  Ib/hr  and  0.169  lb/hr. 
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INTRODUCTION 


Future  space  missions  require  storage  of  high-energy  crycgt.'ic 
propellants  in  propulsion  system  tankage  during  long  space  coa?t. 
Evaluation  of  the  potential  space-environmental  cryogenic  storage 
capabilities  of  tank  thermal  control  systems  employing  super  insu¬ 
lation  is  necessarily  predicated  on  thr  ability  to  demonstrate 
thermal  control  performance  The  Partitioned  Centaur  Teot  7an 
provides  a  lull-scale  test  article  with  an  LH^-fiiled  fuel  ank  and 
an  LN^-fiiled  oxidizer  tana  designed  to  acco'imodate  a  practical 
evaluation  of  a  Dnaplar  super  insulation  system  under  simulated 
space  thermal  vacuum  conditions.  Interpretation  nt  the  resulting 
thermal  test  data  must  in  turn  be  supported  by  detailed  analysis  of 
the  actual  test  article. 
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1 .  DISCUSSION 


1.1.  Partitioned  Centaur  last  Tank  Thermal  Control  Design 

1.1.1  General  Configuration ,  The  Partitioned  Centaur  Test  Tank 
(PCTT)  conforms  in  all  essential  details  to  the  configurat  .on 
described  in  Keference  2,  in  which  the  partitioned  tank  assembly  is 
provided  .ore  and  aft  with  cylindrical  fiberglass  adapters,  each 
having  a  stiffened  fiberglass  cover.  The  entire  test  article  is 
suspended  in  the  Air  Force  Pocket  Propulsion  Laboratory  (AFRPL) 

Space  Environment  Simulation  Facility  (3ESF)  vacuum  chamber  by  means 
of  four  hanger  assemblies.  The  forward  and  aft  adapters  are  pro¬ 
vided  with  circumferential  aluminum  rings  (angle  sections)  to  which 
the  respective  covers  are  mounted.  Simulated  space  heating  is  pro¬ 
vided  by  banks  of  quartz  lamps,  positioned  to  distribute  a  controlled 
heat  flux  over  half  of  the  external  cylindrical  surface  area.  Pro¬ 
pellant  tank  fill  and  drain  ducts,  vent  ducts,  and  instrumentation 
leads  emerge  on  the  side  of  the  vehicle  not  irradiated  by  the  lamps. 

1.1.2.  Super  Insulation  Configuration. 

1.1.2. ].  The  Diirplar  super  insulation,  positioned  as  noted  in  Figuro 
1,  is  installed  in  erlapping  "blankets".  Each  "blanket"  consists 
of  a  specified  number  of  "pairs"  of  Dimplar  layers,  where  a  "pair" 
corresponds  to  a  single  layer  of  flat  Dimpiar,  plus  a  single  dimpled 
layer.  The  external  super  insulation  is  suspended  by  means  of  te'J on 
pegs  which  are  the  sole  physical  contact  between  the  external  insula¬ 
tion  and  the  PCTT  adapter.  The  aft  adapter  pegs  do  net  penetrate  the 
external  super  insulation  but  support  two  fiberglass  rings  (Si  at  ions 
336  and  384)  which,  in  turn,  maintain  physical  separation  of  the 
external  insulation  blankets  and  the  aft  adapter.  ihe  internal  sur¬ 
faces  of  the  forward  and  aft  adapters  and  covers  are  provided  with 
additional  IHmplar  blankets  which  are  in  direct  contact  with  the 
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respective  &dapt»r/r.ov*r  i&terul  surfaces.  A  ansni?  of  the  super 
insulation  and  teflon  peg  configuration  irprn«ut;d  in  Table  I.  A 
26-incb  section  of  tba  forward  adaptor  inner  surface ,  adjacent  to 
the  LH^  tank  la  uninsulated.  A  16 ''inch  section  of  the  aft  adapter 
Inner  «uru"«  ia  similarly  uninsulated. 

KK2.2.  The  auper  insulation  and  peg  no tu ting  characteristics  are 
detailed  in  the  aketchea  ef  figure  2.  A  typical  blanket  section  la 
shown  in  Figure  2a.  An  noted  in  Figure  2b,  the  individual  blankets 
are  42  inchea  wide,  and  the  msthod  of  staggering  the  blankets  cir¬ 
cumferentially  ie  shown  in  Figure  2c.  -Vi  the  cylindrical  diameter 
increases  with  succeeding  insulation  layers,  a  progressively 
increasing  V-shaped  gap  occurs  between  mating  blankets,  aa  shown  in 
Figures  3b  and  2d.  this  gap  is  tlossd  by  msana  ef  two  Bieplar 
strips  on  the  inner  blanket  and  seven  ,0i splat r  stripe  on  the  outer 
blanket.  The  external  strips  ars  socurcd  by  meuao  of  aluainised 
mylar  tape  to  provide  a  continuous  exterior  surface.  The  teflon 
mounting  pegs  and  a  typical  mounting  detail  ere  presented  ia  Figure* 

2e  and  2f . 

1.2.  PCTT  Analytical  Procedure a 

1.2.1.  Assumed  Space-Environmental  Si  mu  let1  or .  As  noted  in  Reference 
1,  the  simulated  opace-environmental  incident  heat  input  proscribed 
for  PCTT  thermal  testing  yields  a  surface  absorbed  heat  distribution 
which  corresponds  to  the  local  absorbed  solar  energy  distribution 
over  a  eylindrically  configured  vehicle  in  a  deep  specs  environment 
with  vehicle  centerline  oriented  normal  to  the  vehicle-sun  vector. 
Absorbed  heat  rate  for  the  actual  flight  vehicle  is  accordingly  predi¬ 
cated  on  assumed  solar  absorptivity  and  emissivity  values  of  0.3  and 
0.91,  respectively.  The  appropriate  space  vehicle  incident  heat  flux 
distribution  ia  detailed  in  Appendix  A  of  Reference  1.  Aa  noted  in 
the  latter  study,  this  heat  flux  distribution  combines  with  the  above 
vehicle  surface  radiative  characteristics  in  rendering  a  unique 
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TABLE  1 

PCTT  SUP&K  INSULATION  CONFIGURATION  SUMMARY 


PCTT 

I  tea 

Number  „f 
Blankets 

Diaplar  "Pairs” 

Per  Blanket 

Support  Peg 
Configuration 

Outer  Sidewalls 

3 

7,  7  ft  6 

eHIUJIMUuf'IMHUHL  vUUMwNaMllPJEki-i  — 

27  pegs,  Sta.  156* 

27  pegs,  Sin.  214 

27  pegs,  Sta.  336 

27  pegs,  Sia.  3S4 

Inner  forward 
Adapter 

1 

AO 

27  pegs,  Sta.  156 

28  pegs,  Sta.  iSl 

Inner  Aft 

Adapter 

1 

10 

2?  pegs,  Sta.  336 

2d  pegs,  Sta.  384.9 

forward  A  Aft 
Covers 

3 

7,  7,  ft  6 

32  pegs  (*&.) 
evenly  distributed 

Station  numbers  represent  longitudinal  inches 
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vehicle  e.niez*&»i  surface  equilibrium  circuaferoutial  teapevatu re 
distribution,  else  prtttitUd  ia  Appendix  A  of  Nifirtoei  1.  This 
temperature  d? attribution  which  considers  re radiation  to  a  deep 
spec?  MriroNMiit  was  accordingly  ewpleyed  aa  an  external  cylin¬ 
drical  surface  teaperature  boundary  ia  ’.h#  analysis  a /  this 
study,  and  will  be  saon  as  curve  (a)  of  Fijurta  7  through  20,  A 
thermally  black  radiative  heat  sink  at  180*R  (LKg  celd-wall)  was 
assumed  t®  be  the  radiative  boundary  conditions  f#r  the  external 
surfaces  of  the  forward  and  aft  cuvers  as  well  as  the  unirradiated 
half  of  the  cylindrical  side.  An  external  cover  eaittance  of  0.8 
vaa  caployed,  corresponding  approximately  to  unpaieted  fiberglass. 

1.2.2.  The  PCTT  Thsraal  Model. 


1.2. 2,1.  Dots  obtained  in  Ceavsir  caierisetric  testing  of  Oinplnr  v 
insulation  was  employed  ia  foraulatiag  ths  following  expression  for 
heat  rat#  through  a  layers  of  Displar: 


3 

A 


(T 


V> 


(n-l)(j  ♦  ” 

•a  *1 


T.  “  Ti 


1}  *  TSrn7T?(»)) 


In  which  Tp  and  are  outer  and  laser  surface  teaperaturen,  <a  is 
the  flat  layer  oaittanet  (0.04).  is  the  diaplsd  layer  eaittance 
(.07),  nad  jf(S)  la  s%*  empirically -date rained  there*!  resistance  factor, 
47.4  for  10  pair -layers  of  Biaplvr  par  inch.  Ths  respective  eait- 
tsnee  values  .t  re  based  e»  asaaureaents  obtained  in  the  Coavair  Space- 
Physics  laboratory.  The  overall  heat  rate  is  thus  seer,  to  coabiae  a 
radiation  tem  and  a  conduction  tone,  and  the  above  expression  was 
«»ployed  throughout  the  analysis. 


1*2. 2. 2.  The  PCTT  test  article  was  numerically  represented  in  teras 
of  an  elaborate  theraxel  rodel  of  the  analogous  electrical  type, 
incorporating  a  total  of  861  tea peretur*  nodes  and  4250  conductive  and 
radiative  resirtora.  The  complete  tent  article  ia  shown  in  Figure  4, 
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in  which  it  in  soon  that  the  PCTT  van  numerically  represented  in 
t»ru  of  Mventitn  (17)  cylindrical  section  data  itetion;.,  and  (6) 
cover  Motion  data  atationa.  £acfa  of  tho  cylindrical  atationa  con¬ 
tained  tin  (10)  circumferential  incremental  area  segments,  each  in 
turn  containing  an  appropriate  composite  array  of  nodea  related  to 
that  area  segment.  Both  adapter  covers  were  divided  into  three 
(3)  annular  regions,  each  containing  ton  (10)  equal  area  segments, 
with  each  segment,  in  turn,  containing  a  composite  nodal  array. 

The  areas  of  the  surface  nodes  are  tabulated  in  Figure  4.  Each 
propellant  tank  was  represented  by  a  single  heat  sink  node  of 
appropriate  temperature  and  surface  area. 

1.2. 2. 3.  Typical  thermal  model  local  geometrical  and  thermo physical 
characteristics  are  detailed  showing  the  nodal  array  for  each  of  tho 
major  composite  structure  configurations  in  Figures  3a  through  3o. 
Internal  radiation  exchange  parameters  wore  obtained  in  n  separate 
preliminary  numerical  study.  Conventional  methods  were  first  employed 
in  determining  the  appropriate  geometric  configuration  factors*  Per¬ 
tinent  configuration  factors  sad  surface  omittances  were  then  supplied 
as  input  to  an  analysis  employing  the  classical  Oppenheim  method  of 
determining  radiation  exchcn**  factors.  These  radiation  exchange 
factors  are  summarised  graphically  in  Figures  3f  through  3k  an 
function*  of  teat  article  station.  Thus  it  is  possible  to  represent 
the  net  radiative  heat  transfer  from  a  given  surface  (a)  to  a  neigh¬ 
boring  surfaco  (b)  •• 

«.b  ■  ‘.Xb<r.4  -  O  ■  -  \VTb4  -  t.4> 

where 

As\b  *  Ab^ba 

1.2. 2. 4.  It  is  of  interest  to  noto  tho  offset  of  tho  uninsulated 
portion  of  the  inner  adaptor  surfaces  on  the  resulting  factora  (Fig¬ 
ures  3 f  and  3g).  The  uninsulated  adapter  surface  wae  assumed  to  have 
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«ii  omittance  of  0.8,  correspondiug  to  unpainted  fiberglass.  The 
resulting  effect  on  **il-to-tsnk  radiative-  heat  rate  will  be  seen 
in  the  following  section,  The  omittance  of  the  aupor  insulation 
inner  eurface  was  assumed  to  be  the  measured  value  of  0.04,  as 
noted  earlier,  and  the  301  atainlees  steel  tank  eurface  emittaoce 
was  aasused  to  be  0.175. 

1.3.  Resulting  Predicted  PCTT  The raw  1  Control  Performance  for 
Hard  Vacuus  (lO~S  TORE) 

1.3.1.  PCTT  Temperature  Profiles. 

1.3. 1.1.  Equilibrium  tesperatur  so  throughout  the  FIT  test  article 

-5 

assuming  tanked  conditions  and  hard  vacuum  (10  TORR)  a~e  presented 
in  Figures  5  through  30c  Figures  5  through  21  show  temperature  pro* 
files  in  planes  normal  to  the  vehicle  major  axis.  Temperatures  pre¬ 
sented  for  data  stations  1  and  17  ara  for  tha  forward  and  aft  alumi¬ 
num  adapter  rings.  Forward  and  aft  cover  temperatures  ara  presented 
in  Figures  22  through  27.  Thermal  symmetry  permits  complete  presen¬ 
tation  of  the  cover  temperatures  in  terms  of  three  transverse  data 
stations  sach.  It  will  be  noted  that  in  ach  case,  the  three  data 
stations  are  coincident  at  the  center  of  the  cover, 

1.3., 1.2.  Lengthwise  temperature  profiles  are  presented  in  Figures 
28,  29  and  30,  respectively,  for  the  forward  fiberglass  adapter,  tha 
cylindrical  intertank  section,  and  the  aft  fiberglass  adapter.  It 
is  seen  that  considerably  elevated  local  structural  temperatures  occur 
on  the  heated  side  of  the  vehicle.  Maximum  temperatures  of  330*R, 
186*R,  and  342*fi  correspond  respectively  to  the  forward  adapter,  the 
intertank  section,  and  the  aft  adapter. 

1.3.2.  PCTT  Propellant  Heat  Itotes. 

1.3. 2.1.  Tank  heating  rates  from  each  of  the  data  stations  (stations 
1  and  17  are  not  applicable)  art  presented  in  Figures  31  through  36. 
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It  should  be  noted  that  the  sidewall  radiation  heat  rates  (stations 

2  through  16)  are  local  fluxes  presented  in  Btu/hr-ft  .  These  data 

are  integrated  circumferentially  ann  presented  in  Figures  37  and  38 

.  2 

as  average  sidewall  heat  rate  in  Btu/hr-ft  vs  data  station. 

1.3. 2. Z.  As  seen  in  Figures  37  and  38,  the  relative  contributions 
of  the  uninsulated,  unpainted  adapter  sections  to  tank  radiative 
heat  rate  (data  stations  4  and  14)  are  significant.  Of  further  sig¬ 
nificance  is  the  LHg  tank  heat  rate  at  data  station  5,  a  short,  cyl¬ 
indrical  tank  section  which  is  not  afforded  the  added  shielding  of 
the  adapter  or  the  intertank  cylindrical  wall.  It  will  be  of 
interest  to  briefly  consult  Figure  39,  noting  the  LHg  tank  conduc¬ 
tion  from  the  fiberglass  adapter  (1.8  Btu/hr),  and  the  correspondingly 
greater  conduction  from  the  steel  intertank  section  (7.47  Btu/hr). 
Conversely,  it  is  seen  that  the  intertank  section  radiation  from 
station  6  (0.005  Btu/hr-ft^,  or  approximately  0.16  Btu/hr)  is  markedly 
less  than  the  adapter  radiative  heat  rate  from  station  4  (0.143  Btu/ 
hr-ft^,  or  approximately  8.40  Btu/hr).  It  should  be  remembered  that  a 
decrease  in  the  latter  value  would  accompany  incorporation  of  a  low- 
eraittance  adapter  surface.  However,  the  above  comparison  tends  to 
suggest  the  desirability  of  radiation-conduction  trade-off  studies  in 
the  thermal  design  of  cryogenic  tank  adapters. 

1.3. 2. 3.  Thermal  data  and  resulting  predictions  for  penetration  heat 
leaks  (exclusive  of  adapter  and  intertank  section  conduction)  are  pre¬ 
sented  in  Table  II.  All  penetrations  emerge  from  the  test  article  at 
a  shadowed-side  location  with  respect  to  the  heat  source.  Thermally 
controlled  facility  valves  are  installed  in  each  fill  and  drain  duct, 
approximately  two  (2)  feet  outboard  of  the  test  article.  These  valves 
are  radiativeiy  shielded  from  the  test  article  surfaces  by  local  LN^ 
cold  walls,  but  provide  temperature  boundaries  of  approximately  400°H 
for  duct  conduction  and  internal  duct  radiation.  All  other  penetration 
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TABLE  II 


PCTT  P EH ET RATIO*  THERMAL  DATA 


Penetration 

Daacription 

Temperature 
Boundary,  *R 

Radiation, 

Btu/inr 

Conduction, 

Btu/Ur 

Total  Heat 
Leak,  Btu/br 

LH2  Kill  &  Drain 

304  Stainless  Steal, 

7*  x  2.5"  x  .049" 

400°  K 

1.43 

0.88 

2.31 

- 1 

LH2  Vant  Duct, 

304  Stainlaas  Steal, 

5'  x  3"D  x  .049" 

140*R 

0.01 

O.-TB 

0.30 

LH2  Instrumentation, 
(213"  Ion*) 

Constantan 

8  x  30  GA. 

12  x  24  GA. 

140 'R 

0.10 

0.10 

Chrome 1 

8  x  30  GA. 

Copper 

4  x  24  GA. 

LH0  Tank  Total 

— 

a 

4* 

J 

1.24 

l 

2.71 

LN2  Fill  &  Drain 

304  Stainlens  Steel, 

2'  x  2.5"D  x  .049" 

400  *R 

1.40 

2.12 

3.52 

LN2  Tank  Total 

1.40 

2.12 

3.52 

10 
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boundaries  cars  assumed  to  be  at  chamber  cold  wail  temperature ,  or 
140*K.  Thus,  the  fill  and  drain  duct  ie  the  only  external  penetra¬ 
tion  measurably  a /I acting  the  tank  at  equilibrium  conditions. 

The  instrumentation  leads  converge  at  a  terminal  board  mounted  at 
the  bottom,  rear  of  the  aft  adapter,  As  noted,  th»  terminal  board 
was  assumed  to  reach  c.n  equilibrium  temperature  of  140*R.  Internal 
duct  radiation  was  predicated  in  all  cases  >n  the  duct  cross- 
sectional  area  and  an  effective  emittance  of  1,0.  The  combined 
penetration  heat  rates  (including  adapter  and  intertank  section  con¬ 
duction)  are  presented  and  summarized  in  Figure  09.  The  test  arti¬ 
cle  support  hangers,  considered  not  irradiated  by  the  lamp  banks  and 
therefore  found  to  contribute  a  net  loss  of  heat  from  the  forward 
adapter,  were  conservatively  omitted  from  the  penetration  summary. 

1.3. 2. i.  Total  equilibrium  heat  rates  to  the  PCTT  Ui^  and  tanks 

are  summarized  in  Table  HI.  The  respective  sidewall  radiation  heat 
rates  were  obtained  by  integrating  the  heat  distribution  curves  of 
Figures  37  and  38,  while  the  adapter  cover  radiation  and  direct  radi¬ 
ation  between  tanks  were  obtained  directly  from  numerical  output  from 
the  thermal  model.  As  seen  . n  Table  HI,  based  on  the  AFRPL  vacuum 
facility  environmental  conditions  of  l.l.i.,  above,  the  respective 
total  equilibrium  nest  rates  are  42.09  Biu/hr  to  the  LH„  tank  and 

A 

14.5b  Btu/hr  to  the  LN.^  tank.  Total  predicted  boil -off  rates  aro 
thus  0.^18  Ib/hr  of  LH^  ana  0,169  lb/hr  of  Lrtg, 
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TABLE  III 


FCTT  TOTAL  HEAT  RATE  SUMMARY 


MEAT  SQUWCS 

LB?.  TANK 

HEATING 

BTU/HR 

ln2  tank 

HEATING 

BTU/Hlt 

Radiation,  Cover  Inner  Surface 

Forward  Cover  (Fig.  31) 

Aft  Cover  (Fig.  36) 

1.16 

0.85 

Radiation,  Sidewall  Inner  Surface 
(Figfi-  37  and  38) 

25.10 

10.17 

Radiation  Between  Tanka 

-3.85 

Penetrations  &  Structure  Conduction 
(Fig.  39) 

11.90 

7.3S 

Total  Heat  Rate  (Btu/hr) 

42.09 

Total  Boil-o^f  Rate,(lb/hr) 

0.218 

! 

0.169 
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2.  CONCLUSIONS  AND  RECOMMENDATIONS 

2 . 1  Interpret* t ion  and  Limitations 

2.1.1.  The  analysis  of  this  report  ia  predicated  on  successful 
achievement  of  the  thermal  control  design  objective*  of  the  FCTT 
test  article.  An  obvious  objective  of  the  teat  program  ia  evalu¬ 
ation  of  the  practical  capabilities  of  the  PC1T  thermal  control 
deaign  concepts.  The  performance  predictions  of  this  report 
.should  thus  be  considered  represents  live  of  a  theoretical  optimum 
configuration.  It  ia  therefore  useful  tc  enumerate  the  specific 
items  of  possible  departure  from  the  assumptions  of  this  report. 

2. 1.1.1.  The  heat  rates  and  temperatures  cf  this  document  corres¬ 
pond  to  equilibrium  simulated  space-environmental  conditions, 
including  a  hard  vacuum  of  at  least  10  ^  lORK.  This  presumes  a)  a 
sufficient  duration  of  complete  .chicle  chilldown,  and  b)  complete 
out-massing  of  the  super  insulation.  The  former  may  require  a 
transient  period  of  the  order  of  24  hours,  and  the  latter  may  con¬ 
ceivably  continue  for  periods  of  ten  (10)  to  one  hundred  (100) 
noura.  Tank  leakage  could  effectively  retard  the  outgassing  process. 

2. 1.1. 2.  Super  insulation  edge  losses  mere  not  considered  in  the 
analysis  of  this  report.  The  accumulated  areas  between  matching 
blankets  of  Dimplar  would  be  a  relatively  insignificant  portion  of 
the  total  ’KifT  surface  area.  However,  edgewise  radiative  heating  of 
tne  blankets  at  these  locations  and  at  the  support  peg  locations 
could,  in  the  aggregate,  significant >\j  inpair  the  insulation  effi¬ 
ciency.  As  noted,  evaluation  of  this  effect  ia  a  test  objective. 

i.  1.1. 3.  Heat  leaks  from  external  penetrations  are  not  expected  to 
contribute  significant  error  after  chilldown  to  equilibrium  condi¬ 
tions.  Aa  noted  earlier,  all  penetrations  emerge  to  an  effective 
cold  wall  environment,  the  thermally  controlled  fill  and  dnein 
valves  being  the  eo ! e  exception.  However,  a  significant  transient 
in  penetration  chilldown  can  be  expected. 


I 


13 


GDC -DTD6 7-006 
5  January  1967 


2.2.  Correspondence  to  the  PCTT  Tert  Artie la 

Che  detailed  temperature  distribution*  prunaUd  in  tbia  report  are 
meidored  a  practical  requisite  for  a  thorough  evaluation  of  ths 
PCTT  MtiurtMnt  data.  Measured  PCTT  boil-off  rates  vhicb  exceed 
the  corre* ending  predicted  valuta  would  be  indicative  of  a 
departure  ,  ron  tbe  intended  thermal  control  performance  objective. 
Comparison  of  the  respective  teaperatur*  distributions  would  be  a 
practical  irequi  resent  for  isolating  the  specific  causative  thermal 
control  characteristic.  It  is  further  suggested  that  post-test 
Modification  of  the  thermal  model  of  this  report  as  required  to 
aceoapliah  an  analytical  fit  of  tho  test  data  would  bo  highly 
desirable  for  detailed  evaluation  of  all  aspeeta  if  the  PCTT  thorral 
ci'otrol  design. 
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FIG.  3d.  PCrr  TUEMMAL  MODEL:  TYPICAL  INTENT ANA  LOCATION 
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DETAIL  V 
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Super  Insulation 
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FIG.  7.  PCTT  TE^s'MlHATURES ,  DATA  STATION  3 
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a.  Outer  Super  Insulation,  Outer  Surface 

b.  Outer  Super  Insulation,  Inner  Surface 
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FIG.  8.  PCTT  TEMPERATURES ,  DATA  STATION  4 
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FIG.  9.  PCTT  TEMPERATURES ,  DATA  STATION  5 
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a.  Super  Insulation  Outer  Surface 

b.  Super  insulation  inner  Surface 

c.  Interbank  Section  Skin 


FIG.  11.  PC  IT  T£Mim\TUNkS,  DATA  STATION  7 
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b.  Super  Insulation  Inner  Surface 
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nti.  h.  ktt  rt* kmutuhes,  data  station  k> 
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a.  Super  Insulation  Outer  Surface 

b.  Super  Incubation  Inner  Surface 

c.  Intertank  Section  Skin 


FIG.  16.  PCTT  TFyPtolATURES ,  PATA  STATION  12 
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a.  Super  insulation  Outer  Surface 

b.  Super  insulation  Inner  Surface 

c.  IntertanK  Section  Skin 


Flu.  17.  FCTT  TOHPfcrtATUi&S,  DATA  STATION  13 


41 


GDC-BTD67-006 
15  January  1967 


a.  Outer  Super  Insulation,  Outer  Surface 
b„  outer  Super  Insulation,  Inner  Surface 
c.  fiberglass  Adapter 
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a.  Outer  Super  Insulation,  Outer  Surface 

b.  Outer  Super  Insulation,  Inner  Surface 

c.  Fiberglass  Adapter 

d.  Inner  Super  Insulation,  Inner  Surface 


FIG.  19.  PCTT  TEMPEPATUHES,  DATA  STATION  15 
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FOREWORD 

Thia  report  contain*  th*  General  Dynaaica/Convair  (GD/C)  ricoaundid 
teat  plan  for  th#  Itortitionad  Contour  Tost  Tank  (PC'fT)  deaigned  and 
fabricated  for  th*  Air  Fore#  Rocket  Propulaion  Laboratory  ( AFRPL) , 
Cdwarda  Rocket  Sit#,  par  Air  Fore#  Contract  F04611-67-C-0004.  The 
report  include*  teat  objective*,  taat  condition*,  recomended 
general  procedure*,  and  auggaated  araaa  of  evaluation  af t *r  bating. 
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SUMMAKY 


The  General  Uynamics/Convair  Partitioned  Centaur  Teat  Tank  article,  to 
which  this  recommended  test  plan  applies,  is  a  flight-weight,  flight- 
similar  tankage  system  enclosed  in  a  thermal  envelope  of  Oiaplar  multi¬ 
layered  cryogenic  insulation.  The  test  plat,  encoapasses  test  article 
and  facility  test  requirements  in  addition  to  test  procedures. 

Included  in  the  test  plac  are  reeoaaended  general  test  objectives  and 
limitations,  description  of  the  test  article  and  its  interfac  with 
the  facility  vacuua  clumber,  test  article  and  chamber  instrum*' nation 
description,  test  procedural  requirements,  and  suggested  future  test 
capability  ol  the  tankage  aystea.  This  test  requirements  document 
compiles  general  and  detailed  guidelines  which  can  be  incorporated 
directly  in  preparation  of  a  detailed  tist  procedure  by  the  Air  Force 
Kocket  Propulsion  Laboratory.  The  information  contained  herein  was 
derived  from  General  bynamics/Convair  experience  in  similar  testing 
and  vacuum  chamber  operations. 
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INTRODUCTION 

Future  spacecraft  performance  requirements  suggest  that  sophisticated 
high-perfcrmance  rochet  propulsion  systems  be  incorporated  as  launch 
vehicle  upper  stages.  Increased  aission  eoaplexities  lsad  to  require 
meats  fur  added  upper-stage  versatility,  such  that  various  coe  *ina- 
tiona  of  interaittent  powered  flight  and  extended  space  coast  opera¬ 
tion  aay  be  accoaaodated.  Utilisation  of  upper  stages  of  this  type, 
employing  cryogenic  propellant  for  maximum  performance,  presents  a 
xwj'vr  problem  of  long-term  storage  of  cryogenic  propellant  in  the 
#p>>:e  environment. 

The  purpose  of  the  Partitioned  Centaur  Teet  Tank  ( PCTT)  Program,  as 
initially  proposed  in  Neference  2,  ie  to  utilize  existing  tankage  to 
provide  e  flight-size,  flight-similar  test  article  fer  space  thermal/ 
vacuum  testing  by  the  Air  Force  Socket  Propulsion  Laboratory  (AFRPL). 
Of  further  interest  is  the  practical  evaluation  of  the  multilayer 
ineulation  concept  as  s  method  of  achieving  long-term  cryogenic 
storage  in  the  space  environaient. 

Thermal  studies  conducted  prior  to  and  leading  to  the  preparation  of 
this  report  are  available  In  Melerence  1. 
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1,0  mr  0BJBCT1VBS  AND  LIMITATIONS 

1 . 1  Objectives 

The  objectives!  of  the  teat  are: 

1)  To  determine  the  total  fuel  and  oxidizer  boil-off  for  the 
ifertitioned  Centaur  Teat  Tank  configuration  during  stimu¬ 
lated  space  environments. 

2)  To  determine,  insofar  as  procedural  limitations  permit, 
the  heat  transfer  rate  breakdesn  through  the  major 
elements  of  the  thermodynai*;.c  syst'v,  i.e.,  insulation, 
structural  penetrations  and  fluid  duct  penot rat ions. 

3)  To  determine  the  thermal  control  performance  effects  of 
the  non-tank  structure  of  the  vehicle  comprising  the  for¬ 
ward  and  aft  adapters  and  the  intertank  structure. 

4)  To  determine  the  overall  thermal  performance  of  the 
Dimplar  multilayer  '-vacuated  insulation,  including  evalu¬ 
ation  of  the  effects  of  the  mounting  pegs. 

5)  To  determine  the  venting  and  outgasaing  characteristics 
of  the  insulation  (ystem  and  the  resulting  influence  on 
thermal  control  performance. 

b)  To  determine  the  effect  of  chamber  pressure  level  on  the 
thermal  perforuar.ee  of  the  insulation. 

1 • “  Limi ta lions 

it  was  originally  proposed  ( deference  2)  to  satisfy  an  objec¬ 
tive  of  determining  the  heat  flow  between  the  fuel  ano  oxi¬ 

dizer  (LN^)  tanks  by  tecnmquee  involving  tanking  of  fuel  in  the 
on.!!'.#r  tank.  Structural  and  other  limitations  now  preclude 
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this,  and  tanking  LN^  in  til*  fuel  tank  is  similarly  not  feasible.  The 
intertank  heat  rata  must  therefore  ha  aaaaasad  by  a  lass  direct  method 
involving  computation  of  the  haat  flux  from  maaaurad  temperature*  aa 
part  of  the  pout-test  analytical  tank. 

3.0  mi  MgTICLS  AND  FACILITY  1^U1I«MENTS 

2 . 1  The  General  Oynamics/Convair  Partitioned  Centaur  Teat  Tank  (PCTT) 

2.1.1  Modi lied  Centaur  Teat  Tank.  The  PCTT  article,  Figure  1,  has 
been  fabricated  from  a  Centaur  flight-weight  teat  tank  with  the  addition 
of  an  ellipsoidal  bulkhead,  forward  and  aft  cylindrical  adapters,  end 
covers,  and  Dimpiar  super  insulation.  Fill,  drain,  vent  and  yacuum 
lines  were  added.  The  Centaur  tank  alteration  consisted  of  removing 
approximately  112  incnea  of  hydrogen  tank  cylindrical  skin,  adding  a  new 
aft  bulkiiead  to  form  a  forward  stub  hydrogen  tank,  and  adding  a  short 
new  cylindrical  skin  section  to  join  the  modified  forward  tank  to  the 
remaining  aft  tank.  Tana  details  are  shown  on  General  Uynamics/Ccnvair 
drawing  1CTT-7. 

2.1.2  Te»t  Article  Adapters  and  Covers.  The  forward  and  aft  adapters 
have  been  fabricated  from  fiberglass  and  are  designed  to  support  the 
test  article  during  storage,  handling,  and  transportation,  and  to  facil¬ 
itate  vertical  suspension  while  testing  Provisions  are  made  for 
attaching  the  forward  adapter  to  the  vacuum  chamber  structure,  and  suspend¬ 
ing  the  test  article  from  the  tc^  during  tanking  and  testing,  doth 
forward  and  aft  adapters  are  enclosed  with  a  fiberglass  cover.  The  PCTT 
adapters  and  covers  are  detailed  is  General  Uynasics/Convair  drawing 

PCTT- 2. 

2.1.3  Dimpiar  Cryogenic  Insulation,  fhe  Dimpiar  cryogenic  insulation 
consists  of  a  stack  of  alternate  radiation  shields  o i  flat  aluminized 
mylar  and  dimpled  alumimaad  -y'lur  riife  the  dimpling  providing  the 
shield  separation,  the  combination  of  a  flat  sheet  and  a  dimpled  sheet 
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iz  *'  pair-layer  The  Dimplar  inaulation  will  be  mounted  by  aeana  of 
fiberglass  page  positioned  around  the  forward  adapter  in  two  rows  of 
27  pegs  each,  as  recommended  by  tho  inaulation  subcontractor.  There 
is  no  insulation  attachaent  directly  to  the  tank;  all  insulation  is 
supported  by  the  adaptors  and  cover  plates.  Two  stand-off  fiberglass 
hoops  around  the  aft  adapter  hold  the  insulation  away  froa  the  test 
article  skin  at  the  eft  end. 

The  insulation  creates  a  thermal  boundary  envelope  and  is  coaprised 
of  three  blanket  thicknesses  on  the  external  cylindrical  surface  and 
on  the  inner  cover  surfaces.  The  insulation  consists  of  two  7-pair 
layer  blankets  and  one  6-pair-layer  blanket  yielding  a  total  of  20 
pair-layers,  in  addition,  one  10-pair-layer  was  added  to  the  inter¬ 
nal  surface  of  each  adapter,  beginning  at  the  cover  and  extending 
toward  the  tank-adapter  interfaces,  for  a  distance  of  42  inches  from 
the  cover.  General  Oynamics/Convair  drawing  PCTT-6  details  the 
Dimplar  insulation  installation. 

2.1.4  Inaulation  Penetrations.  The  insulation  penetrations  are  com¬ 
prised  of  the  following: 

l)  two  rows  of  27  fiberglass  pegs  sach  around  the  forward 
adapter. 

21  one  liquid  hydrogen  and  one  liquid  nitrogen  fill  and  drain 
line  wnich  are  2.5  inch  Oil,  0.065  inch  thick  321  CK &S 
tubing,  extending  approximately  3  inches  snrf  18  inchen 

outside  the  insulation  to  the  flange  terminations  for  the 
liquid  hydrogen  and  liquid  nitrogen  tanks,  respectively. 

3)  one  hydrogen  and  one  nitrogen  vent  line  formed  of  2.5  inch 
Ob,  0.063  inch  thick  321  cK Ju>  tubing,  extending 
approximately  3  inches  outside  the  insulation  to  the  flange 
terminations. 
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41  an  intermediate  bulkhaad  vacuum  lina  boat  which  is  connactad 
to  a  facility  vacuus:  lina,  assumed  to  ba  approximately  0.25 
inch  ID  304  atainiaar  attral  tubing. 

5)  approximately  134  inctruaentation  loads. 

2.1.5  Comparison  to  Actual  Flight  Vahlcia.  The  Partitioned  Cantaur 
Tost  Tank  article  ia  theneodynaaically  and,  in  a  necaura,  geome  tri - 
cally  comparable  to  a  flight  vehicle  tank  syataa  in  a  space  coast  con¬ 
dition.  However,  the  insulation  coverage  would  have  to  be  modified 
extensively  to  accommodate  tha  requirements  for  pre-launch  conditions 
and  for  protection  during  launch. 

2.2  Air  Korea  Rocket  Propulsion  Laboratory  Facility  Requirements 

2.2.1  Chamber  Configuration.  The  test  is  to  be  conducted  in  the  alti¬ 
tude  chamber  of  tha  Space  Environmental  Simulation  Facility  located  at 
the  Air  Force  Racket  Propulsion  Laboratory  at  Edwards  Rocket  Site.'  The 
chamber  ie  capable  of  maintaining  pressures  at  10  torr  or  less,  while 
accommodating  leak  rates  of  0.3  torr-liters/sec .  In  addition,  the 
chamber  incorporates  a  thermally  ulack,  liquid  nitrogen  coid  wall  for 

space  simulation,  and  is  capable  of  supplying  »  maximum  of  596  Btu/hr- 

2  ,  2 

ft  i 175  watts/ft  )  infra-red  radiant  tnergy  for  solar  simulation. 

2.2.2  Column  Supports  and  Croaamsmbtr.  The  PCTT  article  will  be 
installed  in  the  vacuum  chamber  by  means  of  four  column  supports. 

Croaa  member  beams  spanning  the  opposing  columns  provide  four  attach 
points  from  which  the  teat  article  will  hang  by  pins  through  four  strap 
hangers  mounted  to  the  top  of  the  forward  adapter. 

2.2.3  Local  Cold  tall  Installations.  APkPL  will  supply  two  local  cold 
walls,  one  between  eacn  of  the  fill  and  drain  valves  and  the  PC  FT  side. 
Tho  local  cold  walla  should  effectively  shield  the  PCTT  from  valve 
assembly  radiation. 
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2.2.4  Bulkhead  Vacuum.  A  vacuum  pump  must  be  connected  to  the  forward 
LN^  tank  bulkhead  pressure  tap  In  order  to  Maintain  an  evacuated  insula¬ 
tion  bulkhead  during  ebaaber  puapdown  and  testing.  This  will  insure 

that  if  gases  leak  into  the  bulkhead  insulation  cavity,  the  bulkhead  will  not 
reverse  and  rupture  upon  returning  the  ch&aber  to  ambient  conditions. 

2.2.5  Television  Camera  Coverage.  Television  camera  coverage  during 
chamber  puKpdown,  testing,  and  return  to  ambient  conditions  must  be  pro¬ 
vided.  Continual  surveillance  must  be  Maintained  during  periods  of 
chaaber  pressure  transients  in  order  to  *\fCO£nize  and  avoid  possible 
onset  of  insulation  "ballooning"  and/or  collapse  with  subsequent  tear¬ 
ing.  Coverage  of  the  entire  c/lindricai  surface  is  re:  ommended.  How¬ 
ever,  should  coverage  be  limited,  the  cameras  should  bs  placed  eo  that 
the  maximum  temperature  point  (center  of  the  irrad.  ateH  surface)  can  be 
examined  from  the  standpoint  of  overheating.  The  camera  position 
should  then  be  adjusted  such  that  the  field  of  view  would  reach  as  much 
of  the  '-old  side  o*  the  test  article  as  possible. 

2.2.6  hacil.ty  Heat  Source.  AF'KPL  will  provide  a  sufficient  number  of 
verticie  heat  l.imp  lines  around  one-half  of  the  circumference  of  the 
PCTT  to  provide  the  insulation  surface  temperature  distribution  shown 
in  Figure  A-2  of  Appendix  A.  The  temperature  distribution  is  also  dis¬ 
cussed  in  Appendix  A.  The  heat  lamps  should  be  capable  of  providing  a 

radiant  energy  level  at  the  article  insulation  surface  of  zero  to  442 
2  ,  2 

Btu/hr-ft  (0-130  watts/ f t  ).  The  portion  of  the  test  article  circum¬ 
ference  chosen  shall  be  located  such  that  the  fill  and  drain  lines  as 
well  as  vent  lines  are  nut  irradiated.  The  forward  and  aft  most  lamps 
shall  be  positioned  such  tnat  they  irradiate  no  closer  than  4  inches 
to  the  forward  or  aft  edge  of  the  HCTT  side  insulation. 

2.2.7  Heat  Flux  Monitoring  Facilitisa.  AFHPL  shall  provide  disk  heat 
source  monitoring  facilities  as  describsd  in  Appendix  A.  One  heat  sen¬ 
sor  line  should  be  provided  and  located  very  near  the  insulation  surface 
for  each  lamp  line  provided. 
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2.2.8  Facility  Fenetra/  Ion  Lines.  The  facility-supplied  fill/drain 
and  vant  linaa  which  ara  not  yat  designed,  will  ha  connactad  to  tha 
GO/C  insulation  panatration  atuba  (aaa  Article  2.1.4)  by  flanges. 

At  laast  tha  terminating  two  (2)  feet  of  tha  facility  fill  and  drain 
linaa  should  be  rigid  ducting,  assumed  for  analysis  to  be  2.3  inch 
10,  0.049  inch  thick  304  stainless  steal,  connecting  tha  fill 
and  drain  valves  to  the  tank  fill  and  drain  stubs.  At  laast  tha 
terminating  two  (2)  feat  of  tha  facility  vant  lines  connecting  to 
tha  tank  stubs  should  be  rigid  ducting  assumed  for  analysis  to  be 
3.0  inch  ID  (requires  an  increaser  from  2)i  inch  10  to  3  inch  ID), 

0.049  inch  tnick/304  stainless  steal.  Tha  entire  liquid  nitrogen 
tank  forward  bulkhead  vacuum  line  is  assumed  to  be  0.25  inch  ID,  304 
stainless  steel  tubing. 

2.2.9  Penetration  Calibration.  Before  connection  of  the  fill  and 
drain,  vent,  and  vacuum  lines  is  accomplished,  facility*-supplied 
lines  must  be  carefully  measured  as  to  inside  and  outside  diameter, 
and  distance  between  temperature  measurements  (sea  3.2.2).  The 
dimensions,  as  well  as  information  describing  the  type  of  line 
material  or  alloy,  must  be  recorded.  Those  lines  (approximately  the 
terminal  two  feet)  will  bo  bracketed  with  two  temperature  measurements, 
described  in  paragraph  3.2.2.  Ideally,  line  sections  between  measure¬ 
ments  should  be  of  constant  croesection,  and  as  nearly  straight  aa 
possible,  iny  departure  from  the  assumed  dimensions  and  materials  of 
paragraph  2.2.8  above  should  be  carefully  noted. 

2.2.10  Facility  Vent  System  Capability.  The  facility-supplied  vent 
system  and  associated  flow  measuring  devices  shall  be  capable  of 
venting  and  measuring  boil-off  rates  from  the  Ui^  and  LN^  tanks  of 
0.003  to  30  and  0.0025  to  60  pounds  per  minute,  respectively.  The 
facility  vent  system  design  for  sach  tank  snail  limit  pressure  drop 
from  tank  to  ambient  to  3  pel. 
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3.0  INSTRUMENTATION 

3.1  Description  of  Genera i_Dynami c*/Con va i r  Instruacntati on  Provisions 

All  of  the  instrumentation  supplied  with  the  Partitioned  Centaur 
Test  Tank  neasure  temperature.  Some  of  the  elements  are  intended  for 
use  in  controlling  test  operations  such  ao  tank  fill  and  drain  sequen¬ 
ces;  nearly  all  are  intended  for  use  in  assessing  the  individual  magni¬ 
tude  of  the  heat  leaks,  into  and  through  the  tank  structure.  Platinum 
reaistance  elements  and  chromel/constantan  thermocouples  are  placed  in 
strategic  locations,  fcach  thermocouple  is  wired  with  a  voltage  bucking 
that  of  another  couple,  the  latter  couple  being  shown  as  "Reference"  in 
the  Measurement  List  of  Table  1.  Instrumentation  sensor  locations  are 
shown  in  h'igure  2. 

3.1.1.  LHj  Level  Sensor-Measurement  #1.  This  system  is  described  in 
Appendix  U.  It  is  intended  for  use  in  tanking  and  topping  LHg. 

3.1.2  Platinum  Resistance  Transducers -Measurements  02,  7,  19,  21  and 

57.  These  units  have  an  ice  point  resistance  of  about  1380  ohms. 

Calibration  data  for  each  unit  ia  supplied  by  Mosemount  and  will  be 

identified  by  measurement  number  and  turned  over  to  the  test  personnel. 

The  leads  connecting  measurements#?,  19,  21  and  57  to  the  Junction 
block  are  of  24  gage  conetantan  and  therefore  of  relatively  high  resis¬ 
tance,  ranging  up  to  about  40  ohms  at  room  temperature.  The  oonstantan 
was  selected  because  of  its  low  thermal  conductivity  and  because  its 
electrical  resistance  ie  nearly  invariant  with  temperature .  Taking  int? 
account  that  the  leads  will  be  chilled  to  the  LN  ,/LH ,  temperature  region, 
it  may  be  assumed  that  their  test  condition  resistance  will  be  4%  lower 
than  their  room  temperature  resistance.  The  room  temperature  lead 
resistance  can  and  should  be  measured  in  available  pairs,  and  used  (with 
the  suitable  4s  allowance!  in  calibrating  the  K.E.C.  bridges  in  the 
instrument  room, 
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for  tha  calibration,  it  ia  recommended  that  aach  bridge  ba  unp.luggad 
ant'  the  ceabinad  laad  resistances  aaaaurad  at  tha  socket  through  pins 
0  to  f  and  N  to  K.  Tha  bridge  ZEHO  ADJUST  and  SPAN  ADJUST  screws  nay 
then  ba  a«t  by  compacting  tha  bridga  to  ita  Voltaga  Supply,  Indicator, 
and  a  t ire  raaiator  network  simulating  tha  transducer  and  leads.  Tha 
four  laad  siauiators  should  approximate  tha  lead  resistance.  Tha 
transducer  aiaulator  must  ba  accurata--well  within  the  transducer  or 
bridga  specifications. 

3.1.3  Thermocouples,  fifty -eight  of  the  sixty-four  measurements  are 
made  with  chromel-ccnatantan  thermocouples.  Thirty -nine  of  these  are 
referenced  to  tne  PCTT-3  Junction  Block  which  ia  expected  to  stabilise 
at  about  LN^  temperature  during  the  teating,  and  whoae  temperature  ia 
monitored  oy  a  Noaesount  118YL  platinum  resistance  thermometer.  Nine¬ 
teen  of  the  thermocouple  paira  measure  temperature  differences  between 
cloaely  related  points  on  tha  structure  in  order  to  assess  tha  magni¬ 
tude  of  the  individual  local  heat  leaks  into  and  between  the  tanks. 

3.1.4  Measurement  List.  Certain  ground  rule  definitions  will  be 
helpful  in  the  interpretation  and  use  of  Table  1.  Column  One  indi¬ 
cates  the  measurement  number.  Column  Two  shows  *he  measurements  to 
which  the  Column  One  thermocouple  measurements  are  referenced.  The 
Column  On#  measurements  not  showing  a  reference  number  in  Column  Two 
are  platinum  resistance  transducers.  Column  Three  shows  the  terminal 
board  number  to  which  the  Column  One  measurements  are  connected.  In 
Column  four,  the  eemma  indicates  wires  terminating  together.  The 
dash  separatee  erminaia  (or  pairs)  representing  the  two  sides  cf  a 
measurement .  for  the  thermocouples ,  the  first  screw  listed  will  be 
positive  relative  to  the  second  when  the  meaeurement  point  is  warmer 
than  the  reference  point.  Columns  five  through  Seven  give  the  PCTT 
quandrsnt,  station,  and  radial  distance  froa  center  line  (inrhea)  of 
the  measurement  location.  Column  tight  gives  the  nomenclature  or 
description  of  the  measurement.  Instrumentation  locations  ar.«i  refer¬ 
ence  junction  block/termina l  board  configuration  are  dr  jailed  in 
General  Uyitamice/Convai  r  drawing  PCTT-B. 
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3.1.3  Data  deduction  itequlfftnta 

3.1.3. 1  LH. 2  Laval  Sensor.  Reduction  of  tha  platinum  wire  LH^  level 
aanaor  data  will  ba  on  a  GO/NO-GO  baaia  aa  lndicatad  in  Appendix  B. 

3. 1.3.2  Platinum  Heai stance  Transducers.  Platinum  raaiatanca  ther¬ 
mometer  data  raduction  ahould  ba  baaad  on  tha  transducer  calibration 
data  furnished,  aa  notad  abova. 

3. 1.5.3  Thermocouples.  Tharaocoupla  data  raduction  ahould  be  baaad 
on  tha  calibration  tables  which  will  ba  generated  and  furnishad  by 
Convair  on  the  baaia  of  tha  early  teat  data.  These  tablaa  will  list 
tha  thermocouple  voltages  vs  temperature  in  one  degree  increments 
from  zero  to  three  hundred  degrees  Kelvin.  Data  raduction  will  than 
conaist  of  the  following  operations: 

(1;  Kind  ‘he  reference  junction  temperature. 

(2)  Look  up  tha  reference  junction  voltage  (in  the  tables  to 
be  furnisned). 

(3)  Head  the  Measurement  Voltage  and  add  it  algeoraically  to 
the  Meference  Voltage,  obtaining  Result  Voltaire. 

(4)  Look  u*.  the  temperature  corresponding  to  this  Result. 

Voltage.  This  is  the  temperature  at  the  measurement 
location. 

3. 1.5. 1  Thermocouple  fables.  The  following  data  ahould  be  obtained 
early  in  the  teal  for  Measurements  6,  8  and  20  under  simultaneous  con¬ 
ditions  of  LH.  tank  venting,  heat  lamps  on,  and  LH  level  sdovs 
»  « 

measurement  location: 


11 


GDC-BTD67-01 1 
24  Janua./  198? 


1)  Measurement  Number 

2)  Orta 

3)  Tiaa 

4)  Kef.  Junction  Yaap.  (M'sw’nt  No.  2)  (*K) 

9)  ullage  proaaura  (paia) 

6)  Kiactrical  output  (polarity  par  3.1.4)  (Microvolts) 

This  data  ahould  ba  forwarded  to  Convair  for  preparation  of  tha  corrected 
Thermocouple  Calibration  Table (a). 

3.2  Air  force  Kocket  Propulsion  Laboratory  Instrumentation  Provisions 

3.2.1  Propellant  Tank  Pressure  Sensors.  A  minimum  of  one  tank  praaaura 
sensor  ahall  ba  provided  in  each  tank  fill  and  drain  line.  Tha  aenaor 
should  be  located  between  the  fill  and  drain  valve  and  the  PCTT  fill  and 
drain  line  stub.  They  should  ba  as  close  as  practical  to  the  tank  stub 
but  located  in  a  straight  section  of  line  at  least  S  disasters  down¬ 
stream  of  bends  and  discont * nuities  .n  the  duct  inner  wall.  The  sensors 
should  be  capable  of  sensing  and  recording  at  least  0  to  30  paia.  It 
should  be  noted  here  that  the  maximum  allowable  tank  praaaura  for  both 
tanks  is  20  paia,  as  stipulated  in  the  Functional  Limitation  Report  of 

F  .erence  3. 

3.2.2  Penetration  Temperature  Measurements.  AFRPL  shall  install  two 
thermocouples  on  each  tank  plumbing  penetration.  To  be  included  are  the 
two  fill  and  drain  lines,  the  two  vent  lines,  and  the  forward  LN^  tank 
bulkhead  vacuus  line.  The  sensors  are  to  be  located  approxisately  two 
feet  apart  on  a  hard  section  of  each  line  near  the  PCTT  stubs,  and  the 
provisions  oi  2.2.9  shove  suet  be  sdhered  to.  The  measurement*  suat  be 
capable  of  weasuring  33*  to  400*M  *  1%  on  the  liquid  hydrogen  tank  lines, 
and  123*  to  400*H  ♦  IX  on  the  liquid  nitrogen  tank  lines. 

3.2.3  Chamber  Pressure  and  Cold  sail  Instrumental  iocs  The  vacua* 
chamber  pressure  and  cold  wall  temperatures  ahall  be  monitored  and 
recorded  continually  during  pumpdoen  and  testing. 
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3.2.4  Chaaber  Safety  Instrumental ion.  AFHPL  shall  provide  sufficient 
instrumentation  to  deteraine  chaaber  as  if unctions  leading  to  test  abort 
procedures,  such  as  loss  of  chaaber  pressure  or  loss  of  cold  wall. 

3.2.5  Measurement  Recording  Equipment.  The  etaeureecnt  and  recording 

equipment  sr.plied  by  AFHFL  shall  be  capable  of  aonltoring  and  record¬ 
ing  reavntg  consistent  with  the  schedule  of  paragraph  4.2.3. 1 

below. 

3.2.6  Facility  wiring.  Wiring  froa  the  Junction  block  to  the  Instru¬ 
ment  Hoorn  should  be  reasonably  heavy  copper,  e.g.  20  gags.  The  thermo¬ 
couple  wiring  should  not  connect  to  the  Facility  keference  Junctions. 

The  four  wires  froa  each  platinua  theraoaeter  should  connect  through  to 
♦he  instrument  Ho on. 

3.2.7  Test  Article  Television  Caaera  Provisions.  AFKPL  will  provide 
.est  article  television  camera  coverago  during  chaaber  pressure  tran¬ 
sients  and  testing.  Hecoaacnded  coverage  in  discussed  in  paragraph 
2.2.5. 

3. 2.6  Heal  Source  Monitoring  Sensors.  Heat  flux  sensing  instrumenta¬ 
tion  is  to  be  designed  per  Appendix  A  end  paragraph  2.2.7.  Heat  flux 
sensing  disk  thermocouple  instrumentation  should  be  capable  of  recording 
temperatures  from  150*  to  700*K  ♦  1)1. 

3 . 2 . y  Cryogenic  boil-off  Instrumentation.  The  AFKFL  boil-off  instru¬ 
mentation  is  assumed  to  be  four  wet -gas  waters  arranged  such  tnat  tne 
test  conductor  msy  place  one  or  all  in  use  as  the  boil-off  requirements 
dictate.  The  recommended  overall  variable  ranges  for  the  LH^  and  1 
tanka  are  0.002  to  3o  and  O.O025  to  6*1  pounds  per  minute,  respectively. 

3.2.10  ln*irua»ntation  Calibration.  AFklL  instrumentation  and  record¬ 
ing  equipment  should  be  calibrated.  Calibration  curves  for  the  GO/C 
supplied  thermocouples  will  be  generated  after  early  test  data  is 
available,  and  supplied  to  AtHHL  personnel. 


./ 
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4.0  TEST  PtiOCfeUHIKAL  REQUIHEP3MTS 

4 . 1  Pra-Test  Iteodrtjiiwti 

4.1.1  Teat  Article  Pre i lai nairas . 

4. 1.1.1  Circuitry.  Check  ell  electrical  connections  for  proper  cir¬ 
cuitry  and  integrity.  Appropriate  portions  of  this  inspection  should 
be  coBpleted  prior  to  insulation  application. 

4. 1.1. 2  Coapartnept  Vents.  Inspect  the  intertank  apace  vent  port  to 
insure  port  cap  plates  have  beet,  rested.  Inspect  the  forward  and 

aft  adapters  to  verify  at  least  1<.5  eqiare  inches  of  gas  vent  area  each. 

4. 1.1. 3  Propeller',;  Transfer  Lines.  Check  all  valves  and  propellant 
ducting  for  operation  snd  structural  integrity. 

4. 1.1.4  1H2  Tank  Decoataainaticn.  Decoataainate  the  LH^  tank  and 
tankage  systea  to  reaove  condensable  gases  by  fleeing  dry  heliua  gas 
through  the  lines  and  tank  until  at  least  three  coaplete  tank  voluaes 
hate  been  displaced  and  the  dew  point  of  the  eaerging  gas  is  at  or 
below  -140*F.  This  process  should  require  approximately  55  minutes  at 
a  heliua  flew  rate  of  15  cfa. 

4. 1.1.5  LNo.  Tank  Decontamination,  Flow  dry  throw, h  the  LN^  tank 
system  until  the  dew  point  of  the  emerging  gee  is  at  or  below  -120*F. 

4.1.2  feat  Facility  Preliminaries. 

4. 1.2.1  Chamber  Operation.  Inspect  and  functionally  check  all 
chamber  valves,  pumps,  cold  traps,  inetruaeotsU  m,  sad  facility- 
supplied  equipment. 
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4. 1.2. 2  Social  electrical  Systems.  Provide  sufficient  electrical 
power  internally  to  the  chamber  to  operate  camera  systems  and  heat 
lamp  sources.  The  lamp  source  power  supply  should  be  capable  of 
adjusting  the  lamp  radiant  energy  output  to  provide  heat  flux  sen¬ 
sing  disk  temperatures  of  B5JF  with  cold  wall  and  200°F  without 
cold  wall.  The  incident  energy  required  to  produce  these  tempera¬ 
tures  will  be  approximately  42  Btu/rfr-Ft**  (12.5  Watts/Ft^)  while 
the  chamber  pressure  is  at  10  torr  or  below.  Much  higher  flux 
levels  nay  be  required  to  produce  the  required  sensor  temperatures 
at  higher  chamber  pressures.  Extreme  caution  should  be  exercised 
to  insure  that  the  insulation  temperature  does  not  exceed  200°F. 

It  is  recommended  that  the  heat  flux  sensor  temperatures  be  recorded 
and  monitored  visually  during  lamp  activation. 

4. 1.2. 3  Instrumentation.  Check  facility  supplied  instrumentation 
for  continuity  and  recording  equipment  for  proper  operation. 

4 . 2  Thermal  Testing 

4.2.1  Chamber  puwpdown . 

4.2. 1.1  Heat  Flux  Ouriiig  Pumpdown.  Actuate  ail  lamp  lines  with 
power  dissipations  sufficient  to  provide  heat  flux  aensing  disk  tem¬ 
peratures  of  200 °F  maximum.  This  procedure  will  facilitate  Dimplar 
insulation  venting  and  outgassing. 

4.2. 1.2  Mo  ugh  Humping .  Hough  pump  chamber  per  facility  procedure. 

Do  not  exceed  pumping  rate  of  approximately  1  psi  (52torr)  per  minute, 
initiate  cold  wail  filling  with  LN^  at  the  appropriate  chamber  pressure 
(approximately  1  torr). 

4.  1.1.3  Teat  Art; tie  Outgassing.  Continue  chamber  pumpdown  to  a 
-q  "  ~  _i 

pressure  o(  10  torr.  Hold  the  chamber  pressure  at  10  torr  to  facil¬ 
itate  outgaaoiug  of  the  test  sysla*  which  may  continue  for  as  much  as  50 
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hour*,  The  haat  lamp  power  dissipations  may  6a  cycled  30  Minutes  on 
and  30  Minutes  off  during  the  held  period.  The  2G0*F  neat  flux  sensor 
temperature  May  be  retained.  Caution  should  be  exercised  in  aonitoriug 
the  disk  temperatures  since  varying  chamber  parameter*  necessitate 
frequent  lamp  adjustment. 

-6 

4.2. J .4  Final  Kuspdown.  Complete  chamber  puapdown  to  10  torr  with 
the  heat  lamp  lines  off.  Chilling  of  the  LH^  tank  (paragraph  4.2.2) 
may  commence  during  the  final  pumpdown.  It  is  essential  that  the  cold 
wall  remain  full  during  testing  to  provide  a  stable  simulation  of  the 
space  heat  sink  properties,  which  is  particularly  critical  on  the  non- 
irradiuted  areas  of  the  test  tank.  Should  ths  loss  of  chamber  vacuum 
or  loss  of  cold  wall  occur  during  testing,  the  incident  heat  flux  must 
be  immediately  terminated  and  LHg  detanking  begun.  If  the  cold  wall 
is  operating  properly,  and  outside  sir  has  not  entered  the  chamber,  the 
LN_  may  be  retained  in  the  LN„  tank  until  it  is  determined  if  correct- 

J  m 

ive  action  will  allow  continuance  of  the  test.  If,  however,  outside 
sir  has  entered  the  chamber,  LN^  must  also  be  detanked  and  the  teat 
terminated  for  insulation  inspection.  In  either  case,  if  the  chamber 
pressure  has  changed  at  a  rate  exceeding  1  psi  per  minute,  the  insula¬ 
tion  and  adapters  should  be  inspected  for  tears  or  cracks. 

4.2.2  Chilldown  and  Tanking. 

4. 2. 2.1  General.  The  chilldown  and  tanking  of  the  test  article  is 
subject  to  stress  limitations  per  FCTT  Functional  Limitations  He port , 
Neference  3.  The  procedures  below  reflect  these  requirements. 

4, 2..:. 2  LB,  Tank  Chilldown.  Crack  the  LB,  fill  valve  and  chill  the 

m  -  ■ 1  ■  4* 

IB^  tank  for  a  minimum  of  20  minutes. 

4.2. 2. 3  LB,  Tanking.  Fill  the  LHg  tank,  limiting  fill  rate  to  a 
value  allowing  no  greatwr  than  a  3  pal  tank  pressure  increase  above 
ambient  pressure  during  tanking.  Meduee  fill  rate  * o  approximately 
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50  g&l/min  as  the  liquid  level  approaches  the  100%  level  sensor  as 
determined  from  LH^  tank  forward  bulkhead  temperature  sensors,  par¬ 
ticularly  Measurement  07,  and  facility  fill  procedures.  Close  the 
KH.  tank  fill  valve  and  hold  the  teat  article  in  this  configuration 
for  50  minutes,  allowing  tank  chilldnwn. 

4. 2. 2. 4  LN„  Tank  Chilldown  and  Tanking.  During  the  30-minute  LH2 
tanked  hold,  crack  the  LN^  tank  fill  valve  to  initiate  LN^  tank 
chiildown.  Tank  LN^  at  a  rate  allowing  a  tank  pressure  increase 
no  greatei  than  3  psi  above  ambient  pressure.  Reduce  fill  rate  to 
approximately  50  gal/min  as  the  liquid  level  approaches  the  100% 
level,  as  determined  from  tank  ring  temperature  sensor  (Measure¬ 
ment  ,?£6)  and  facility  fill  procedures. 

4. 2. 2. 5  Heat  Lamp  Source  During;  Testing,  ifinergize  heat  lamps  to 
produce  the  temperature  distribution  shown  in  Figure  A-2  of  Appendix 
A,  as  indicated  by  the  heat  fiux  sensing  disks.  The  maximum  energy 
required  at  the  point  in  the  center  of  the  irradiated  half  of  the 
circumference  is  approximstsly  41  Btu/Hr-l't^  (12.5  Watts/Kt'* )  when 
chanbei  pressure  is  lass  than  10"5  torr.  The  aeusoivi  should  be  moni¬ 
tored  and  recorded  continually  while  the  heat  lamps  are  activated  to 
ensure  that  insuiaiiou  overheating  doss  not  occur. 

4.-!.2.t>  Topping.  The  LH^  tank  should  be  topped  at  the  completion  of 
LN  tank  filling,  and  thereafter,  only  when  200  pounds  of  boil-off 
have  been  recorded. 

4.2.3  Data  Acquisition. 

4.2.3. 1  Messuremenf  hens t nr  Rates.  Uata  acquisition  is  required  for 
the  full  duration  of  the  tests  of  Section  4.3.  Continuous  strip  record 
ing  ami  visual  monitoring  is  required  for  the  following  measurements: 
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1)  LH2  and  LN^  (an  AFKPL  installation)  Itvel  sensor  output 

2)  boil-off  rates 

3)  tank  and  chamber  pressures 

4)  one  tank  ring  Measurement  on  each  tank 

5)  one  Lrfg  tank  forward  bulkhead  Measurement  (Measurement  #7) 
0)  instrumentation  junction  block  temperature 

7)  heat  flux  sensors. 


Exceptions  to  this  are  the  level  sensors  which  need  bo  recorded  only 
during  activation  for  level  sensing  purposes.  Acquisition  and  record 
ing  rates  for  all  other  measurements  should  be  consistent  with  the 
following  schedule: 


During  chamber  pumpdown 
During  tank  chilldown 
During  tank  filling 
During  tank  cold  soak 


-  1  sample  every  15  minutes 

-  1  sample  every  5  minutes 

-  1  sample  every  1  minute 

-  1  sample  every  5  minutes 


During  space  aimulation  test-  1  sample  every  30  minutes 


4. 2. 3. 2  Heat  Flux  Sensors.  It  is  recommended  that  the  heat  flux  sen 
sor  output  be  monitored  visually  and  continually  adjusted  to  provide 
the  sensor  circumferential  temperature  distribution  per  Figure  A-2  of 
Appendix  A. 

4. 2. 3. 3  Chamber  Environment.  The  vacuum  chamber  pressure  and  cold 
wall  temperature  should  be  visually  monitored  as  well  as  recorded. 
Should  the  cold  wall  temperature  or  the  chamber  pressure  increase  to 
the  point  where  it  is  dssmsd  necessary  to  procsed  with  chamber  abort 
procedures,  tank  abort  precautiona  of  paragraph  (4.2. 1.4)  should  be 
consulted. 


./ 
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4. 2. 3. 4  Boil -off  Measurement.  Boil-off  measurements  taken  during 
steady  state  should  be  made  over  extended  periodsof  tine  of  approxi¬ 
mately  2  to  3  hours.  Measurement  periods  should  comments  at  least 
one  hour  after  topping, as  topping  i iy  upset  equilibrium  conditions. 

4. 2. 3. 5  Test  Duration.  After  propellant  tanks  have  been  filled, 
approximately  50  hours  will  be  required  to  reach  steady-state  ther¬ 
mal  conditions.  Steady-state  conditions  will  be  defined  as  the 
time  required  for  all  temperature  measurements  to  be  stabilized  to 
the  extent  that  their  variance  is  no  more  than  S’*  per  5-hour  period. 

4 . 3  Recommended  f»sts  During  Teat  Article  Tanking 

fhe  above  recommended  teat  procedures  imply  that  but  one  test  article 
tanking  need  be  accomplished,  during  this  tanking,  however,  a  series 
ol  Jour  tests  is  recommended.  lne  test  conditions  and  teat  require¬ 
ments  are  outlined  below.  Alter  each  test,  the  tanks  should  be  topped 
before  proceeding  to  the  next. 

4.3.1  Space  Environment  Simulation-Sunlit.  These  conditions  were 
described  above  as  an  integral  part  of  the  test  procedures. 

4.3.2  Space  Environment  Simulation-Shaded  Coast.  The  sha'-'d  coast 
conditions  are  identical  t>  the  sunlit  test  condition,  with  the  excep¬ 
tion  that  the  heat  lamps  remain  off  during  space  simulation.  At  the 
conclusion  of  the  sunlit  test,  the  test  conductor  may  proceed  directly 
to  the  shaded  coast  test  by  simply  turning  the  heat  lamps  off,  opping 
the  propellant  tanks,  and  allowing  the  tanks  to  come  to  equilibiium 
temperature  conditions.  If  LN^  boil-eff  decreases  to  at.  immeasurable 
rate,  intermittent  complete  closure  of  the  vent  may  be  required  to 
avoid  back  pumping.  Tank  (line)  preaaure  must  be  maintained  within 
allowable  limits  as  outlined  in  Reference  3,  as  a  limiting  shaded 
coast  simulation  condition. 
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4.3.3  Testing  for  Chaabar  Praaaura  Ef facta  on  Haat  Tranafar.  1'pon 

completion  of  tha  shaded  coast  test  and  tank  tapping,  the  chaabe  .* 

pressure  should  be  increased  by  shutting  off  the  diffusion  puapa 

>2 

and  returning  the  chaaber  to  a  steady  pressure  of  10  torr  read¬ 
mitting  air  to  the  chaaber,  if  necessary.  The  heat  laaps  should 
then  be  turned  on  and  adjusted  to  produce  the  flux  sensing  disk  tsa- 
perature  distribution  of  Figure  A-2  of  Appendix  A.  It  should  be 
noted  here  that  a  considerably  greater  leap  power  distribution  aay 
be  required  than  was  used  in  the  sunlit  test,  due  to  the  increased 
conduction  through  the  insulation,  tfhen  the  system  is  allowed  to 
come  to  atoady-slate  conditions  in  this  configuration,  valuable 
basic  inforaation  will  be  obtained  on  super  insulation  efficiency 
under  conditions  of  degraded  varuua.  An  additional  objective  here 

will  be  to  determine  if  the  hydrogen  tank  will  allow  pressures  in 
-2 

the  10  torr  range  without  cryopuaping  to  lower  pressures,  thereby 
determining  the  Baxiaua  chaaber  pressures  allowable  for  future 
hydrogen  filled  tank  testing. 

4.3.4  Testing  for  Residual  Helium  Effects  on  Insulation.  A  flight - 
rated  vehicle  of  this  typ«  would  necessarily  require  that  the  insu¬ 
lation  be  helium  purged  while  in  the  tanked  condition  prior  to  launch. 
It  would  then  be  of  interest  to  determine  the  increase  in  heat  leak  to 
the  propellant  tanks  under  the  conditions  of  insulation  heliua  contam¬ 
ination.  Since  venting  within  the  insulation  occurs  rapidly  in  the 
continuum  regiae  but  slowly  in  the  free  aolecule  regime,  the  heat  leak 
due  to  residual  heliua  may  be  important  during  long-term  cryogenic 
storage  in  space. 

This  test  aay  be  continued  from  the  high  pressure  air  test  by  pumping 
the  chaaber  down  to  10  torr,  topping  the  tanks,  snd  readmitting 
heliua  to  the  chaaber  to  a  pressure  of  about  10  torr.  Caution  should 
be  taken  here  to  insure  that  the  chaaber  pressure  gauges  are  calibrated 
to  read  heliua  pressure*  snd  correction  factors  are  available.  The 
chaaber  should  then  be  puaped  down  to  10~^  torr  and  the  test  article 
allowed  to  reach  steady-state  conditions. 
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4.3.5  Uf,  Tank  Lock-up  Teata.  If  the  AKHPL  provides  a  boil-off  valve 
on  the  tank  vent  lines,  GD/C  recommends  that  a  liquid  hydrogen  tank 
lock-up  be  accomplished  after  steady-state  conditions  have  been 
attained  on  both  the  sunlit  and  shaded  coast  tests.  The  hydrogen  tank 
pressure  should  be  carefully  recorded  continually  during  such  a  lock¬ 
up.  It  should  be  cautioned  that  the  tank  pressure  must  not  be  allowed 
to  increase  to  a  value  greater  than  20  psia.  Care  should  also  be 
taken  to  insure  that  the  hydrogen  vent  valve  is  hydrogen  qualified  to 
sufficient  extent  to  preclude  the  possibility  of  freezing  of  the  valve 
in  the  locked  position.  Alternate  procedures  such  as  rapid  detanking 
must  be  provided  for,  should  valve  freezing  occur. 


4.4  Detanking  and  Post-Test  Lockouts 

4.4.1  LN^  Tank  Detanking.  The  LNg  tank  must  be  detanked  first  per 
Stress  Limitations  Keport,  GD/C-BTD66-216  (Reference  3).  Detank  LN^ 
and  blow  ambient  temperature  GN^  into  the  tank  at  about  25  cfm  to 
remove  residual  LN^*  This  process  will  require  approximately  four 
hours  and  should  be  continued  until  the  temperatures  of  the  purge  gas 
and  ver.t  gas  are  equal.  The  tank  pressure  should  be  monitored  tc 
insure  20  jisia  is  not  exceeded. 

4.4.2  LHp  Tank  Detanking.  The  LH^  tank  may  be  detanked  after  initia¬ 
tion  of  the  LN^  tank  purge.  All  heat  lamps  may  be  energized  to  pro¬ 
duce  the  65’K  temperature  on  the  irradiated  half  of  the  test  article 
circumference  to  increase  residual  boil-off. 

4.4.3  Tank  Decontamination.  Blow  ambient  temperature  helium  into 
the  LH^  tank  and  fill  and  drain  line  for  abuut  one  hour  at  approxi¬ 
mately  25  cfm  to  remove  residual  LH^  and  decontaminate  the  LH^  tank. 
Teat  the  LH^  tank  vent  gas  products  to  insure  no  hydrogen  remains  in 
the  tank  before  terminating  purge.  Carefully  monitor  tank  pressure  to 
insure  20  pais  ia  not  exceeded. 
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4 . 5  Data Evaluation 

4.5.1  Temperature  Distributions.  Temperature  distribution*  of  forward 
and  aft  cov»rs,  forward  and  aft  adaptara,  intertank  apace,  and  insuia- 
tion  may  be  coapared  with  the  analysis  of  Reference  1.  Coaparison  here 
will  Allow  preparation  of  a  thermal  aap  of  the  teat  article  which  would 
be  useful  in  the  future  structural  design  of  similar  vehicles. 

4.5.2  Meat  Transfer  Hate  Distribution.  Direct  aessureaent  of  the  heat 
transfer  rate  through  or  between  various  major  elenents  of  the  teat 
article  is  not  possible.  Hie  less  direct  nethod  of  correlating 

the  thermal  temperature  map  from  above  with  the  tnerao-physical  data 
for  the  structure  and  the  analysis  of  Reference  1  may  be  incorporated 
to  prepare  a  heat  transfer  map  of  the  heat  leaks  through  and  between 
the  overall  test  article  thermal  envelope  boundaries.  This  model  way 
be  checked  for  accuracy  by  coaparison  with  the  actual  boil-off  rates 
during  testing  after  accounting  for  the  heat  leaks  froa  the  insulation 
penetrations. 

4.5.3  Insulation  Penetrations.  Determine  the  heat  transfer  rate 
through  each  of  the  insulation  penetrations  by  examining  the  tempera¬ 
tures  of  the  facility-supplied  penetration  instrumentation  (paragraph 
3.2.2)  in  conjunction  with  the  penetration  calibrations  of  paragraph 
2.2.6. 

4.5.4  Reduced  Insulation  Efficiency  Due  to  Residual  Gas.  Evaluate 
the  increase  in  the  overall  heat  transfer  rale  through  the  insulation 
between  the  hard  vacuum  (10  **  torr)  sunlit  test,  and  the  increased  air 
and  helium  pressure  teats.  The  difference  in  heat  transfer  rates  is 
the  measure  of  the  insulation  degradation  at  higher  pressures.  The 
helium  heat  transfer  evaluation  test  ia  also  a  measure  of  the  insula¬ 
tion  venting  charade t iatica  during  a  simulated  flight.  .vuture  upper 
stages  employing  liquid  hydrogen  will  typically  have  their  insulations 
purged  with  aelium  prior  to  Uuucn  which  necessitates  insulation  vent¬ 
ing  and  outgsssing  of  heiium  during  early  coast  phase*. 

22 


J 


GDC-ETD67-011 
24  January  1967 


4.5.5  Dimpiar  Insulation.  Evaluate  the  overall  Dimpiar  cryogenic 
insulation  syetem,  along  with  peg  application  Method,  for  use  on 
flight  vehicles.  Compare  analytical  heat  transfer  rate  prediction 
equations  of  Reference  1  with  test  resultant  boil-off  data.  Deter¬ 
mine  the  percentage  heat  leak  through  the  insulation  due  to  the 
mounting  pegs. 


5.0  SUGGESTED  FUTURE  TEST  CAPABILITY  Of  TEST  AtfTlCLE 


Below  is  a  list  of  proposed  future  test  capabilities  of  the  test 
article.  Modifications  would  be  required  in  varying  degrees  for 
incorporation  of  any  or  all  of  the  items. 


5.1 


Systems 


The  test  article  may  be  used  as  a  convenient  tankage  ayatem  for 
the  testing  of  tank  or  insulation  purge  systems  and/or  procedures. 

5.2  Other  Insulations 

The  complete  teat  procedures  outlined  here  nay  be  carried  out 
again  utilizing  different  insulations  or  methods  of  application. 
Suggested  insulations  are  General  Dynamics/Convair  Superfloe  super 
insulation,  NMC-2,  and  a  Linde  SI  series  insulation. 

5 . 3  Tank  Pressurization  Systems 

The  test  article  may  be  used  to  simulate  a  flight-weight  vehicle 
under  one-g  forces  utilising  various  methods  of  tank  pressurization 
during  simulated  pre-launch  and  flight  (engine  run  and  coaat)  condi¬ 
tions.  The  propellants  may  be  pumped  out  at  various  rates  to  simu¬ 
late  propellent  depletion  during  engine  run.  Caution  should  be 
exercised  to  limit  tank  pressures  to  20  psis  maximum. 
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5.4  Alternate  Fluid  Systems 

Different  propellant*  say  be  examined  for  space  storage  suitability 
by  testing  in  the  PCTT  test  article.  By  removing  the  tank  insulation 
and  applying  different  space-rated  thermal  control  coatings,  the  article 
may  be  Vised  to  test  the  space-storage  properties  of  the  nor  -  cryogenic 
propellants.  The  Functional  Stress  Lisiitations  tteport,  inference  3, 
should  be  consulted  for  propellant  mss  limitations. 

5.5  Alt ernate  Structural  Components 

By  the  installation  of  various  fill  and  drain  or  vent  valves  and 
associated  cubing,  the  article  mmy  be  used  to  test  their  capability  and 
reliability  with  respect  to  flight-type  vehicles.  Vehicle  modifications 
may  be  made  to  test  the  suitability  of  new  structural  components  in  the 
space  environment,  e.g.  bulkheads,  brackets,  and  vent  lines. 

5.6  Propellant  Line  Disconnect  Systems 

Fill  and  drain  line  disconnect  systems  are  required  on  all  flight 
vehicles  of  this  type  in  order  to  disconnect  propellant  lines  at  lift 
off  and  provide  thermal  insulation  at  the  termination  of  the  ai  oorne 
line.  The  teat  article  may  be  used  to  determine  the  suitability  of  such 
systems  and  the  thermal  efficiency  of  insulation  penetrations  after 
disconnect. 

5.7  Propellant  Dynamics  Investigation* 

The  test  article  may  be  re-instrumented  to  evaluate  propellant 
behavior  during  tanking.  *hen  coupled  with  a  source  of  vibration,  the 
article  may  be  used  in  low  acceleration  1-g  simulation  testing. 

5.8  New  Tanking  Concepts 

The  partitioned  tank  concept  allows  the  consideration  of  the  inter¬ 
tank  cavity  being  utilised  •»  an  additional  fuel  tank.  The  teat  article 
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may  be  utilized  as  a  test  tank  to  determine  tht  feasibility  of  this 
except. 

5.3  i’ropelUnt  Stratification  Studiejs 

Under  steady-state  conditions  the  test  article  may  be  used  to 
provide  data  on  propellant  stratification.  This  test  cay  be  con¬ 
ducted  in  conjunction  crith  the  various  insulation  tests  recoaaieiided 
in  paragraph  5.2. 

5.10  Alternate  or  Variable  apace  Heating  Hates 

Alternate  or  variable  space  heating  rates  could  be  incorporated 
to  provide  a  detailed  simulation  of  space  heating  conditions  which 
would  be  wore  realistic  than  the  constant  heat  flux  levels  utilized 
in  this  report.  Various  periods  of  sun  orientation  and/or  maneuvers 
could  be  incorporated.  Varying  heat  rates  would  require  a  more 
flexible  vent  system  capability. 
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APPENDIX  A 

Air  Force  Pocket  Pro pula ion  Laboratory  (AFHPL) 

Thermal  Support  Requirements  for 
Partitioned  Centaur  feat  Tank  (PCTT) 

To  provide  a  realistic  apace  heat  transfer  simulation,  the  following 
recommendations  are  made  for  controlling  ar.d  .com  voting  the  radiant 
source  incident  energy  and  the  heat  leaks  to  the  propellants  through 
the  fatili ty/tank  interfaces: 

1.  Flux  Measurement 

1.1  A  cyiindrically  configured  vehicle  in  a  deep  space  environment, 
if  oriented  with  the  vehicle  center-line  normal  to  the  vehicle- 
sun  vector,  would  be  subjected  to  a  local  incident  solar-  energy 
distribution  as  presented  in  Figure  A-i.  To  minimize  surface 
temperatures  and  resulting  tank  heating,  a  practical  require¬ 
ment  for  the  external  vehicle  surfaces  would  be  a  minimum 
ratio.  faulting  surface  temperature  distribution  would  be 
similar  to  that  of  Figure  A-2,  which  assumes  of  and  £ values  of 
0.3  and  0.91,  respectively.  However,  the  incident  heat  flux  of 
Figure  A-l  would  have  a  radiative  spectral  distribution  cor  res¬ 
ponding  to  a  solar  source  of  energy. 

1.2  The  aFKPL  facility  energy  source  has  a  spectral  energy  distribu¬ 
tion  which  is  sniftsd  to  the  infra-red.  in  order  to  insure  that 
an  equivalent  solar  energy  distribution  is  obtained  on  the  PCTT, 
the  test  ensrgy  distribution  must  be  measured.  A  practical  heat 
Tlux  measurement  solution  must  consist  of  a  flux  measuring  scheme 
winch  wiil; 

1.2.1  Give  an  accurate  indication  of  Simpler  surface  temperature. 

1.2.2  Not  alter  or  otherwise  compromiee  necessary  insulation  struc¬ 
tural  surface  characteristic*. 

a-l 
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APPISND1X  A  (Contd.) 

1.2.3  Provide  basis  fa/  lamp  adjustment  such  thai  1'igure  A-2  temperature 
profile  can  Us  achieved. 

1.3  Valid  surface  temperature  control  and  measurement  presents  the 
following  practical  requirements: 

1.3.1  Measureaent  device  aust  incorporate  sufficient  theraal  aass  to 
assure  actual  existence  of  indicated  temperature  level.  This 
would  be  subject  to  serious  doubt,  for  exaaple,  were  a  thermo¬ 
couple  attached  directly  to  the  very  thin  Oiaplar  surface  layer. 

1.3.2  Measurement  device  aust  have  an  ratio  equal  to  that  of  Diaplar. 

1.4  A  suggested  flux  measureaent  procedure  involves  napping  of  the  test 
article  surface  with  thin  copper  disks  apprcxiaately  one  inch  in 
diameter  and  0.010  inches  thick.  Disks  should  be  instrumented  with 
copper-constantan  leads  forming  an  effective  thermocouple,  as  noted 
in  Figure  A-3a.  The  disks  and  leads  aust  then  have  flat  sheets  of 
Diaplar  bonded  to  both  sides  per  Figure  A-3b,  and  mounted  in  vorti¬ 
cal  lines  as  shown  An  Figure  A-3c,  very  near  the  insulation  skin. 

2.  suggested Lamp  Positions 

2.1  Install  five  vertical  lines  of  lamps  around  one  half  of  the  circum¬ 
ference  of  the  PCTT ,  and  adjust  lamp  intensities  to  provide  measure¬ 
ment  device  temperatures  consistent  with  Figure  A-2,  The  circum¬ 
ference  chosen  should  be  located  such  that  the  fill  and  drain  lines 
as  well  as  vent  lines  are  not  irradiated. 

2.2  Position  the  forward-moat  lamp  in  each  line  such  that  the  impinge¬ 
ment  area  ie  no  closer  than  4  inches  to  the  forward  edge  of  the 
H;rr  Side  insulation. 
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APPENDIX  A  (Contd. ) 

3.  Provide  local,  thermally  black  cold  walls  between  the  PCTT  fill 
and  drain  valves  and  PCTT  insulation  skin. 

4.  1t>o  '  ra*ci:t  each  fill  and  dial.'.  Aine  between  the  fill  and  dram 
valve  and  the  PCTT  with  two  thermocouples  each,  located  approxi¬ 
mately  24  inches  apart.  Each  vent  line  should  be  instrumented 
similarly  just  outboard  of  the  PCTT  vent  line  stubs.  All  mea¬ 
surements  should  be  located  on  relative];'  straight  sections  of 
line  having  a  constant  cross-sectional  ge  ,<ie try. 

5.  Current  assumptions  for  the  facility  interface  fill  and  drain 
lines  iuclude  a  24-inch  length  of  2.5  in  ID,  0.049  in  304SS 
ducting  from  the  fill  and  drain  valves  to  the  PCTT  stubs.  The 
valves  are  assumed  to  have  a  temperature  jf  -65*F,  and  a  cold 
wall  between  the  valve  and  PCTT  is  assumed.  The  vent  lines  are 
assumed  to  be  3.0  in  ID,  0.049  in  thick  304SS. 

6.  Pressure  sensing  and  boil-off  measuring  capabilities  for  both 
tanks  is  assumed  available  within  the  chamber  instrumentations 
facilities.  Pressure  sensing  instrumentation  should  be  located 
in  both  vent  lines  as  near  as  feasible  to  the  PCTT  vent  line 
stubs . 
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FIG.  A-3«  HEAT  FLUX  MEASURING  DISK  CONFIGUKATION 


FIG.  A-3c  TYPICAL  HEAT  SKNSOM  LINS 
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APFWJDIX  B 

PCTT  LH2  Laval  Sanaor 

The  following  ia  a  description  of  the  systea  which  will  indicate  the 
liquid/gaa  interface  at  the  100%  level  of  liquid  hydrogen  in  the  Par¬ 
titioned  Centaur  Teat  Tank  during  tanking  operations. 

1.0  DESCRIPTION 

1 . 1  Level  Sensor 

The  LH,  Level  Sensor  consists  of  two  identical  (redundant)  resis¬ 
tance  elements  of  one-ail  diaaeter  platinua  wire.  The  sensor 
assembly  is  installed  in  the  vehicle  per  General  Oynaaica/Convair 
drawing  PCTT-5,  and  ia  positioned  for  direct  contact  with  the 
liquid  at  100%  of  desired  level.  A  voltage  applied  to  either  or 
both  eleaents  (for  redundant  sensing)  will  reaul*  in  a  current 
which  will  vary  as  a  function  of  the  heat  transfer  characteristics 
of  the  sensor  environment. 

The  sensor  circuit  characteristic  curves  are  shown  in  Figure  B-l. 
Intersection  of  the  loading  cVirves  ("COLD  GH2",  "LH2  NUCLEATE 
BOILING",  "ROOM  TEMP  GH.-,")  with  the  "COMPENSATED  POWER  SUI'PLf  LINE" 

me 

defines  the  current  and  voltage  drop  of  the  sensor  element  in  its 
normal  working  environment.  Note  that  the  load  line  intersects 
"LH2  NUCLEATE  BOILING"  curve  but  not  the  "LH2  FILM  BOILING".  It 
is  therefore  expected  the  senstr  element  will  exhibit  the  charac¬ 
teristics  of  the  "NUCLEATE  BOILING"  curve,  . e .  lower  voltage  drop. 
(Film  boiling  would  be  encountered  with  the  eeneor  operated  at  a 
higher  power  level. 

1.2  Sensor  Power  Supply  (Figurec  B-2  end  B-3J. 

The  sensor  power  supply  provides  a  low  voltage  (2.6  to  3.0  v)  to 
the  senaor  from  a  28  VDC  source  (See  Figure  B-l  output  curve.)  It 
consists  of  two  identical  ssner  dlode/transistor  circuits  (one  for 
each  of  the  two  ae^st.r  elements.)  Switches  to  break  input  anJ  out¬ 
put  circuits  end  ammeter  jacks  ere  provided.  With  both  sections 
operating,  approximately  30  watte  of  h;*t  maximum  must  be  dissipated 
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2.0  sysrtM  UPkKAi'lON 

2.1  Measurement  and  Indication 

Sensing  the  arrival  of  LH^  during  filling  operations  can  be 
accomplished  by  one  of  several  methods,  e.g.  measure  current  to 
sensor  or  voltage  drop  across  sensor.  Hit  following  outlines 
the  considerations  for  the  voltage  drop  method. 

It  is  suggested  that  one  element  of  the  sensor  be  active  and 
the  second  element  retained  as  a  backup  should  the  first  element 
fail.  The  power  supply  should  be  located  adjacent  to  the  vehicle 
(at  terminal  rack  external  to  chamber)  and  provided  with  means  to 
remotely  control  the  activation  of  the  sensor  during  tanking 
operations . 

Kor  maximum  sensitivity  of  awasurwment  of  the  voltage  drop, 
tapping  into  the  circuit  should  be  made  close  to  the  level  sensor 
which  avoids  as  much  as  possible  the  influence  of  voltage  drop  in 
the  lines  (the  unussd  sensor  circuit  which  carries  no  current 
would  be  employed  for  one  leg).  T?  ;eor  voltage  drop  can  be 

displayed  remotely  in  the  blockhouse  meter  or  recorder.  A 

'•dry'"  indication  is  s  reading  wnicb  exceeds  0.3  volts.  "LH2"  at 
the  sensor  would  indicate  less  than  0.3  volts. 

2.J  Opei sting  Procedure 

To  provide  the  deeired  current  In  the  sensor  it  is  necessary  to 
determine  the  value  or  the  compensating  resistor  to  be  inserted 
in  eeriee  with  the  interconnecting  cable  loop  resistance.  Tint 
is  accomplished  hr  the  following  method;  (hwe  figure  b-4  for 
test  set-upl 
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a.  At  tfte  instrumentation  junction  block,  short  terminals  3  and 
4. 

b.  Remove  uhortiug  bar  of  the  sensor  power  supply  and  insert 
!).C.  ammeter  (0-1  amp;. 

c.  Connect  in  series  a  resistance  decade  or  2-watt,  variable 
resistor  (4  ohms  max.  in  one-tenth  ohm  steps). 

d.  Adjust  the  resistance  to  obtain  o60  me. 

c.  epiace  the  test  resistor  with  a  fixed  value  and  rccheck 
current:  the  exact  current  ir  not  critical  (the  load  line 

will  vary  according!*  at  the  intersection  with  the  ordinate 
of  Figure  U-l).  kemove  the  jumper  at  the  instrumentation 
junction  block. 

This  completes  the  operating  circuit  preparation. 

Note:  The  circuit  interconnect  wiring  was  shorted  at  the 

iL us t rumen ta lion  junction  block  terminals,  therefore  the  loop 
resistance  of  the  vemcie  cable  aas  ignored.  This  could  ir.tro- 
du.  v  f  V.ifeciaUle  error  except  that  the  copper  wire,  during 
tanking  operations,  1  approach  cryogenic  temperatures  and 
attain  rio.im  retu  nee  (approx  '^tely  10%  or  less  of  ambient 
wire  resistance). 


2.3  6a.etjf 


The  oiaiinum  sensor  elcaeri  attains  a  temperature  shier,  could 
ignite  a  detonabie  gas  except  for  a  deposited  gold  costing, 
fhie  increase*  tne  ignition  te~sptiature  fro*  less  than  7tx»*K 
to  spnroxitiately  l?Ouci'  by  providing  a  barrier  to  th«  catalytic 
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2.3  Safety  (Contd.) 

effect  of  platinua*  To  aacura  a  satisfactory  gold  coating,  the 
senaor  is  tostsd  in  a  detr vabls  Mixture  of  GHj/air  with  270  aa 
currant  per  GD/C  Drawing  PCTT-5.  In  this  circuit,  th«  current 
is  liwited  to  approxinately  l?o  at  in  GH^/air.  For  safety, 
however,  a  double  protection  should  be  provided  by  having  tne 
sensor  deactivated  and  therefore  cold  when  it  way  be  exposed  to 
a  fuel/oxidaut  Mixture. 

The  following  procedure  shall  be  followed  in  employing  this 
sensor  for  tanking  indication: 

a.  By  reaote  control,  activate  sensor  current  only  when  LH^ 
is  present,  i.e.  after  sows  Ul.j,  has  been  transferred  to 
the  vehicle. 

b.  Upon  conpletion  of  tanking  (100%  full),  deactivate  circuit. 


b-4 


* 

J 


GDC-BTD67-011 


SHOStTN®  BAA  7 


L 


no.  8-3  SESSOK  TOWER  SUPPLY 


GDC-BTD87-01X 


+2 81 
VOC 


.I8«  26W 


AMMETER 

T 


IM 


r 


,,i. 


-'VVSA - - 

2NI724< 

^rv] 

* 

T  <; 

•%0*V2W 

i  >’ 

IN746A 


■t  i 


lovm; 


! 

! 

r  <t 


^  # 


THIS  SCHEMATIC  TYPICAL  FOR  liOTH  SECTIONS  (A&fi) 
OK  THE  LIQUID  LEVEL  SENSOR  CONTROL  UNIT 


fIG.  B-3  SENSOR  POWER  SUPPLY  SCHEMATIC  DIAGRAM 


BID67-OU 


fiOC* 


IM2  LSVXL  UN  BOH  TUT  6CT-ITP 


FI OURS  1-4 


Security  Classification 


DOCUMENT  CONTROL  DATA  -  RAD 


(iaauHty  ctataltteation  at  lltK,  body  o I  abatraet  and  tnda*tnj  iaiwH)l«i  muat  ba  antarad  *han  Ei»  o rarall  raport  It  tlatalllad) 


1.  ORIOIMATINO  ACTIVITY  (Ccrpomt*  author) 

2*.  RPPORT  PECURITV  C  LAMIPICA  TIOH 

Unclassified 

Air  Force  Rocket  Propulsion  Laboratory 

EROUP 

1 1.  RSRORT  TITLS  j 

Partitioned  Centaur  Test  Tank 


4.  LEJCRIPTIVB  MOTS*  f7>pa  at  tapo  H  and  tnahiat  f»  ft**) 

_ Final  Report _ 

f.  A UTH OVS)  (lul  imp*#.  ttntnama,  initial) 

Roberts,  William  A. 


*.  RESORT  OATE 

May,  1967 

7a-  TOTAL  NO.  OR  PACE*  7b.  NO.  OP  REP* 

■  202  N/A 

•  «.  CONTRACT  Oft  OH  AN  T  NO. 

F04611-67-C-0004 

fc.  PROJECT  NO. 

3058  Task  No.  305806 

C. 

d. 

•a.  orieinator**  report  numeerc*; 

AFRPL-TR-67-160 

•  6.  JITHER  RJPORT  MOfj;  (Any  odtrt  nwnban  hat  may  ba  aaal0tad 

QDC-BNZ67-027 

to.  AVAILARILITY/LIMITATION  NOTICE* 


Defense  Documentation  Center 


It.  IUPPLEMENTARY  MOTS* 


n/a 


I  It.  tPONIORIMO  MILITARY  ACTIVITY 

Air  Force  Rocket  Propulsion  Laboratory 
Air  Force  Systems  Command 
Research  ana  Technology  Division 
Edwards  Air  Force  Base.  California 


^Presented  are  results  of  a  program  to  modify  an  available  Centaur  tankage 
system  for  testing  in  the  Air  Force  Rocket  Propulsion  Laboratory  Space 
Environmental  Simulation  Chamber  to  determine  its  thermodynamic  suitability 
for  space  storabillty.  Results  of  a  detailed  thermal  analysis  predict 
equilibrium  propellant  tank  net  heat  rates  of  42.09  BTU/hr  for  the  LH2  tank 
and  14.56  BTU/hr  for  the  LNg  tank  with  corresponding  respective  boil-off 
rates  of  0,218  lo/hr  and  0.169  lb/hr. 
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